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Sir GEOEGE B. BEUCE, President, 
in the Chair. 

(Paper No. 2399.') 

“Armour for Ships.” 

By Sir Nathaniel Barnaby, K.C.B. 

Its Uses and its Nature. 

At the commencement of the BussiknWar in 1853-4, several points 
in relation to the defence of ships against projectiles had been 
established, by experiment, to the full satisfaction of the naval 
experts. It had been settled that war-ships must be built of wood ; 
iron was an altogether unsuitable material, as the captain of 
H.M.S. “Excellent” reported in 1850, that “whether iron vessels 
are of a slight or substantial construction, iron is not a material 
calculated for ships of war.” Seventeen iron ships, which had been 
in process of construction for fighting purposes, were thereupon 
condemned as useless for war-service. It had been decided that 
protection by armour-plates was of no value. Iron plates 6 inches 
thick placed in front of the wood had failed to protect it. Admiral 
Sir Thomas Hastings had reported that wrought-iron plates (6 
inches thick) riveted together, and fixed over the planking of a 
ship’s side, would give no protection at 400 yards against shot 
fired, with 10-lb. charges from 8-inch guns, and from heavy 32- 
pounders. The favourite guns were therefore shell-guns. 

The armament of a three-decker of 121 guns consisted of one- 
half of 65-owt. shell-guns, and one-half of 32-pounders, with one 
68-pounder pivot-gun. The shell-guns were placed on the lower 
and middle decks. In a two-decked ship the lower deck was armed 
throughout with shell-guns, and the other decks with 32-pounders 
of from 42 to 58 cwt. In some cases the main deck was partially 
[the INST. C.E. VOL. XCVIII.] B 
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farmed with shell-gnns. The frigates were armed with 8-inch 
65-cwt. shell-guns on the main deck, and. with 32-pounders on the 
tipper deck. All shot were of cast-iron. No one knew what the 
result of an action with these shell-guns would he, but all agreed 
that the struggle would be short. 

In the autumn of 1853 a Turkish fleet, of seven frigates and some 
smaller vessels, was attacked at Sinope by a Russian fleet of six 
line-of-battle ships (three of them first-rates), two frigates, and 
two or three smaller vessels. The Turkish ships had no shell-guns. 
They were armed with 24-pounder shot-guns. In less than five 
minutes a Russian ship of the line, “ Grand Duke Constantine,’* 
destroyed a battery and a Turkish frigate anchored near it, chiefly 
by shells from the lower deck. A short time afterwards, the 
Ville-de-Paris,” another Russian ship of the line, blew up, by 
shells, another Turkish frigate. Of the crews in the Turkish 
fleet above three thousand perished. Of the sliij)S only one small 
steamer escai^ed. 

In the allied attack upon the forts at Sebastopol in October, 1854, 
the “ Agamemnon,” “ London,” “Sans Pareil,” and “ Albion,” took 
up positions within 1000 yards of Fort Constantine, which was 
armed with one hundred and four of the heaviest guns, and was 
supported by three other smaller heavily armed batteries. In about 
an hour the “ Albion,” “ London,” and “ Sans Pareil,” were so 
injured that they had to haul ofl* to a greater distance. The “ Sans 
Pareil ” and “ London ” soon afterwards resumed their stations to 
support the “Agamemnon.” The “Rodney,” “Queen,” “Bellero- 
phon,” and “Arethusa,” also came to her support. The “ Queen” 
was almost immediately set on fire by a shell, and had to be towed 
out of action. The “ Agamemnon,” and the remaining vessels, kept 
up the cannonade, which had commenced at two o’clock r.M., until 
it was dark, when they drew ofl*. They had in all three hundred 
and ten men killed and wounded. The “ Albion ” and “ Arethusa ” 
were so damaged that they had to be sent to Malta for repairs. 
The “ Albion,” “ Retribution,” “ London,” and “ Queen,” had all 
been on fire, chiefly from the efiects of shells with time fuzes. 

The destructive effect of the shells, and other incendiary projec- 
tiles used by the Russians in these engagements, led to the 
immediate use of armour, notwithstanding the previous adverse 
decisions of English gunnery officers. The adoption of armour 
led at once to the use of iron in the hull by English architects, in 
spite of the series of experiments at Portsmouth, which have been 
referred to, and which had brought about the condemnation of the 
fleet of seventeen iron ships. 
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The first move in the direction of armour-plating vras made by 
the French, in the month succeeding the unsuccessful attack of 
the allied fleets upon Sebastopol. In an Imperial order to the 
French Minister of Marine, dated from St. Cloud, 16th November, 
1854, the Emperor Napoleon III. pointed out that in warfare there 
must be, in addition to courage and ability, even chances. Actions 
on land are avoided so long as there is no chance of success. So 
in naval warfare, if the fleet were risked, it would be in the hope 
of destroying that of the enemy. An enormous capital is hazarded 
in order to destroy that which has cost the enemy as much. But, 
he went on to say, so soon as the fleet is employed in the attack of 
a fortification the proportions are entirely altered, for not only will 
a ship be found inferior to a land batteiy, because a ship offers a 
large object to strike, while the land battery occupies but little 
space, and is protected by parapets, but also the stake is materially 
different. So it happened that in the Black Sea twenty-five thousand 
sailors and three thousand guns could not seriously injure the 
Bussian fortifications ; and that indecisive attacks were made at 
other places, entailing serious damage to the ships without doing any 
material harm to the enemy. Under the existing conditions risks 
were incurred for nothing. If the ships threw their projectiles at 
2,000 metres, they consumed their ammunition at a dead loss and 
gave a false idea of the power of the fleet. If they approached 
nearer, they exposed the State to sacrifices too considerable in 
j)roportion to the object in view, for it would generally be perfectly 
senseless to risk the loss of a fleet for the destruction of a few forts. 
To remove this difficulty he x^roposed to create “ une flotte de siege^^* 
capable of x^^oducing decisive effects, and at the same time of 
lessening to the State the chances of loss in men and money. The 
course taken to meet the Enix^eror’s views vras to build floating 
batteries with numerous light broadside guns, and covered from 
end to end with iron armour-x^lates. 

Table I. shows what changes in distribution armour has under- 
gone since 1854. 

There are two periods. In the first period, the armour was 
employed, as has been seen, to make the chances of loss of capital 
more nearly even in a contest between ships and forts. The ships 
or floating batteries were to be small, numerous, and armoured. 
In the second period, the armour was to protect sea-going ships in 
contests with the sea-going ships of an enemy. That x>eriod is still 
current, and has reached a fifth phase, a phase which is in fact only 
a repetition of the first. 

The illustrations have been confined to the ships of the French 

B 2 
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Table I. — Phases of Abmottb. 

Isi Period. Floating Batteries. 1854-58. 



2nd Period. 1858-1888. 

Gloire. 

{ Armour 5,500 tons, Percentago of 

(side) speed weight devoted. 

4} inches. 12| knots. to armour, 15. 

Marengo. 

{ Armour 7,750 tons. Percentage of 

(side) speed weight devoted 

7f inches. 13^ knots. to armour, 17. 


Baudin. 

( Armour 11,200 tons. Percentage of 
(side, &c ) speed weight devoted 

22 inches. 15 knots. to armour, 33. 


Page. 

( Armour 7,000 tons. Percentage of 
(deck) speed weight devoted 

3 inches. 19 knots. to armour, 14. 



JDupuy de L6me. 


1888. Return 
1st phase 


( Armour 
j (side) 

I 4 inches. 


6,300 tons, 
speed 
20 knots. 


Percentago of 
weight devoted 
to armour, 15. 


Navy, as the English are in no way responsible for them, and can 
perhaps, regard them dispassionately. 

The first phase of the second period was entered upon in 1860 , 
when a sea-going ship, the Gloire,” was launched, clothed from 
end to end in exposed iiarts with iron armour. Some of this 
armour, inches thick, was impenetrable to the heaviest guns 
then carried at sea. The second phase soon followed. It was 
marked by growth in the weight of the gun, by improvements in 
the powder, and by alterations in the form and character of the 
projectile to enable it to perforate armour. It was characterized, 
on the other hand, by increases in the thickness of the armour, and 
by improvements in its quality. But the ship did not increase in 
size. The British sea-going ironclads of the first phase, commenced 
in 1861 , are larger than those in the “ Admiral ” and “ Victoria ” 
classes built twenty-five years later. 



OUPUY OE. l5ME 


ivent oil, torpedoes were introdiiced and torpedo boats. Higher 
speeds became thereupon necessary, and had to be given to the 
tfships. 
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In the second phase of this second period, the French ships 
underwent a remarkable change, rendered necessary by the fore- 
going considerations. The French divided their battery, as the 
English had already done, into two parts. They continued to 
protect one part with armour, and the other they left unprotected. 
The relative extent of those two batteries was subjected to 
continual modification. The number of guns protected became less 
and less in succeeding ships, while the number of those left unpro- 
tected increased. 

At last, taking the “ Amiral Baudin ” for exam^de, launched in 
1883 , and the “Formidable ” launched in 1885, there are from eight 
to sixteen machine-guns, and twelve 5.^- ton guns fought without 
armour-cover from any direction. The only guns having any 
armour i^rotection are three in number, each of 75 tons, and these 
are protected only as to the carriage of the gun : its breech, its 
charge, and its loaders are without any armour-cover. The signal 
stations and the officers in command are also unprotected by armour. 
Admiral Touchard, the French Controller of the Navy in 1873, gave 
the reasons for this reduction in armour. 

Eeferring to the “ Gloire,” “ Marengo,” “ Hercules,” and “Koenig 
Wilhelm,” he says : — 

“Tliesc, then, are the instruments for fleet-fighting of to-dny. Is it to be 
boli<*\cd that they will continue to occupy the first i>o8ition, that they will bo 
the ne plus ultra f No, for the gun goes on alwaj^s increasing in power; and in 
France, as in England, Russia, and Piussia, we aro no longer contented with 
guns of 10 and 11 inches, we go up to 12 and 13 inches, and there an* laid down 
in the dockyards ships for fleet-fighting, plated with armour from 91 to 12 inches, 
tljiek, and from 9,000 to 10,000 tons displacement. "Wliere shall we stop in this 
btnte ? Where will it end ? I see tlie end ” (lie goes on to saj ) “ in the 
abandonment of armour for the guns Senmer or later this w ill be the end for 
the armoured cruising ship. “ Let us admit if you will,” he says, “ that the 
battery should for the future bo jihiled with armour of 10 inches, as it soon will 
W, the question of abandoning it w ill, nevertheless, bo resumed U 2 >on these tw^o 
considerations . — 1. Is battery armour of 10 inches jxmetrnble ? 2 If it is 

ixmetrable, does it not become rather a danger than a jirotection ? ” And then 
he goes on to say. — “And now ht us see what will take jdace in a batth^ 
between fleets The two squadrons being in order of battle, if both frerdy 
accept the contest, there will b<* collision by ramming, either with or without 
preliminaries. In any case, it will 8ufli<*<* that one of the two should l>e resolved 
for it to make ramming the first act ; let us mark the ojicniug iihase of the fight. 
Tlie combatants ad\ancing towards each other would be ranged in one line, or in 
several lines, or in squadrons ; but, whatever be tho order of battle, there will 
be formidable collisions and grinding of tho sides ; they will cross each other’s- 
oourses, and then, jmtting tho tiller hard over, wdll return to the encounter. 
Again will they strike and again jiass on. Woo to the vessel which, disabled 
by the first attack, or turning less i^uickly than her atlversary, exposes her flank I 
Lriko tho ‘ Re d’ltalia * at Lissa, she will be sunk by a single blow.” 
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It is here — ^in this initial phase — the ships perpetually fouling each other, 
that the gun appears on the scene in all its might. The manoeuvre is foreseen. 
A single order, clear, concise, energetic, follows in three i words, ‘Prepare for 
ramming.’ At this command, the guns are pointed low ; the captain of each, his 
eye fixed on the sights, with bout body and extended arm, waits ! He watches 
the moment when his adversary will pass before the muzzle of his gun — ^the 
moment, fleeting as the light, wliich he must seize for firing. Silent and 
motionless each man is at his jiost, but lying full length upon the deck. The 
captain alone r(‘mains (‘rect ; suddenly the guns and musketry burst forth, and 
the vessels crash into each other with their sliarji-pointed prows, and gliding by 
each other prolong the contact along their sides until they roach their stems, 
which they avoid in order to protect their rudders and screws. After this first 
encounter, the combat will alw'ays be carried on at a short distance, if not broad- 
side to broadside, the gun and rapidity of evolution playing the principal role** 

At the same date Admiral Sir John Dalrymple Hay, who had 
been President of the Armour-jdate Committee, said : — 

“ I come to the conclusion at which Admiral Touchard has arrived, tliat it is 
impossible to conceive of any ship but a ship of the very first class, ships of 
which I do not tliink many are lik^dy to l>e constructed, whicli will be entirely 
and completely covered with imp<‘uetrable armour. If the armour is not im- 
penetrable, then it is worse than usclcbs.” 

Of the several parts demanding protection he gave the following, 
with his o 2 )inion of the order in which they stood as to im- 
portance 

1. The magazine. 

2. The prox>elling machinery. 

J. The mountings for the heavy guns. 

4. The 'w atcr-liue. 

5. The men. 

The Commander-in-chief at Portsmouth in 1870, Admiral Sir 
George Elliot, said, in an address circulated among Members of 
Parliament, that vast sums of money had been uselessly expended 
in clothing ships wdth outside armour, because this feature of pro- 
tection against the gun-attack had not been submitted from time 
to time to the independent judgment of competent critics. He 
considered that “ the evidence of the superiority of the gun, and the 
development of the efficacy of the ram and the torpedo had deprived 
us of sufficient excuse of late years to continue to fight the losing 
game of armour against guns,” He complained that the Admiralty 
had treated the ram and torpedo attack as secondary, and that 
its efforts should have been directed toward the iirotoction of ships 
under the waterline rather than above it. 

These French ships, “ Amiral Bandin ” and “ Formidable,” mark 
the close of the third phase of the second period. 

The fourth phase in the French Navy, marking the total ahan- 
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dcmment of side-armour in fighting ships of considerable size, was 
not reached until ten years after Admiral Sir George Elliot had 
declared it to be necessary to abandon side-armour, even in the 
largest ships, in the terms quoted above. The building of the 
** Tage marks this phase. This vessel, called a protected cruiser, 
ia far larger than the fully armoured line of battle ships of 1858, 
and is armed with sixteen guns, capable of perforating 8 inches to 
10 inches of iron armour. Although much larger than the “ Con- 
queror or “ Hero,” the only armour is the bomb-proof deck over 
the machinery and magazines. 

Writing, four years ago, an article on ship-building for the 
** Encycloptedia Britannica,” the Author said : — 

“The use of armour has arrested Uie development of the shell. But it is not 
inconceivable that its abandonment in front of the long batteries of guns in the 
Piench and Italian ships will invite shell attack, and make existence in such 
batteries, if they are at all crowded, once more intolerable. It remains to bo 
seen whether in that case exjwsuro will be accepted, or a new demand made 
for armour, at least against the magazine gun and the quick-firing gun. If 
exposure is accepted, it will be on the ground that tlie number of men at the 
guns is now very few, that the gun positions are numerous and tho fire rapid, 
and that, if the guns had once more to be fought through ports in armour, tho 
number of gun iwsitions would be reduced, and Iho fragments of tlicir own 
walls, when struck by hoa\y projectiles, would be more damaging than tho 
projectiles of the enemy.” 

What is here called tho fifth jihase is the fulfilment in 1888 of 
this anticipation of 1885. There has been a new demand made 
for armour against tho magazine-gnn, the quick-firing gun, and 
the shells with high explosives, and the French are once more 
clothing their ships with thin armour. 

Having thus rapidly traced the history of the application of 
airmour to ships of war during the last forty years, tho Author 
will now examine the weapons. 

There can l>e no doubt that the immediate cause of the change 
in French policy is the assumption that shells charged with gun- 
cotton, melinite, bellite, lyddite, or some other of the numerous 
high explosives, will be fired from ordinary guns. 

Shells with bursting charges of gunpowder are ineffective against 
thick armour. To perforate such armour, the walls of the shell 
must be made so strong that the contained gunpowder-charge 
would fail to burst them. 

More than five years ago the Italian Government experi- 
mented with gun-cotton as a bursting charge for shell. At about 
the same date English artillerists were endeavouring to perfect a 
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delayed-action fuze, so as to delay the bursting of the shell 
containing high explosives until after the armour had been 
perforated. Since then every Government appears to have had 
experience, at the proof butts, of the difficulty of making a trust- 
worthy controllable fuze for this purpose. When this fuze has been 
established, shells charged with high explosives will come under 
control, because bellite and lyddite appear to be in themselves per- 
fectly manageable. The French authorities have satisfied them- 
selves that they have brought melinite under control. The intro- 
duction of 4-inch side-armour over the batteries proves this. The 
quick-firing gun will not account for it, because 4-inch armour is 
perforable at 1,000 yards by the 14-pounder quick-firing guns : and 
here quick-firing guns, 45-pounders, 55-pounders, and 100-pounders 
are now being prepared. Moreover, this 4-inch armour will make 
it even easier for common shells of large calibre, with bursting 
charges of gunpowder, to be exploded among the guns’ crews. 
The fragments of the armoured walls will be in themselves very 
destructive. 

But it has been ascertained that a delayed-action fuze is not at 
present procurable, and that the shock caused by 4-inch armour 
will explode shells with high exjilosives, fired from moderate-sized 
guns, on striking. This is why 4-inch armour has been adopted. 

The effects of a burst between decks of these high explosives 
is a matter of experience to some. The French have jmrsued the 
subject diligently, and they apparently consider it better to have 
the armoured walls broken into fragments and scattered about 
the decks than to endure the explosion of melinite between decks, 
breaking the beams and frames, upsetting the guns, and paralyzing 
the crews. But if this is so, and there be any likelihood of having 
to attack ships like the large French battle-ships “ Amiral Baudin,” 
“Formidable,” “Amiral Duporre,” and others, it is of the utmost 
importance to be prepared to make such an attack. 

The Author knows, from an inspection of the drawings of targets 
which have been experimented upon with a single charge of gun- 
cotton, that a number of heavy IG-inch dock-beams, covering a 
length of deck of 12 feet, have been broken completely across and 
lifted 12 feet above the original level. They were broken across 
immediately over the charge, and from 10 to 14 feet away from this 
point (at the knees) they were broken again, so that the deck and 
beams were piled up in a huge wreck at least 12 feet high. 

When the large undefended structures in the French ships are 
considered, the seriousness of this attack becomes evident. And it 
is the artillerist who must be first impressed. It is of more con- 
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neqiienoe to be able to inflict damage in war than to be able to 
resist it. The best defence is to be found in a vigorous attack. 

It must be understood that the powerful ships in modem navies 
are not protected, so far as their batteries are concerned, by the 
armour which the French think necessary. They are unarmoured 
from their lower decks upwards. 

And now to examine the question as to what is likely to be 
the outcome of this reintroduction of side armour. Is there any 
chance that there will be an approximation to finality in the use 
of such armour ? 

Liook first at the quick-firing gun and see what it will be 
capable of doing against 4-inch armour. Prior to the introduction 
of the machine-gun and the quick-firing gun, the most rapid fire 
of guns, capable of perforating an unarmoured side, did not reach 
two rounds per minute. The introduction of the Nordenfelt 1 inch 
machine-gun, with four barrels, raised the rai)idity of aimed fire 
with steel bullets to 120 rounds per minute. These bullets per- 
forate a plate I inch thick at 200 yards. Tlie single-barrelled 
quick-firing gun of 1*85 inch calibre, firing 3-lb. shot or shell, 
can get off fifteen aimed rounds per minute. The shot from this 
gun perforates a steel plate 1*8 inch thick at 1,000 yards. The 
2*2 inches single-barrelled quick-firing gun throws 6-lb. steel 
shells at the rate of fifteen aimed rounds ])er minute, perforating 
more than indies of steel at 1,000 yards, and 4 inches at close 
range. Armour-jiiercing projectiles from quick-firing guns will 
soon follow. The 0-iiich 100-pounder is capable of perforating 
nearly 10^ inches of iron armour at 1,000 yards range, and with 
steel shell can just get through 9 inches of compound armour at 
200 yards. From five to six aimed rounds can be got oif from this 
gun per minute. A further development of the quick-firing system 
is the automatic gun. 

The 3-pounder, 6-poundor, and 50-pounder automatic guns can 
be fired, with rough aiming at short ranges, at the rate of fifty, 
thirty-six, and fifteen rounds per minute. With deliberate aim 
they can bo fired with nearly half that rapidity. 

It is certain that, a 2 )art altogether from those quick-firing guns, 
it will only be necessary to put up targets of this thin armour, and 
expose them to the fire of heavy projectiles (shot and sliell) in order 
to show the frightful wreck, behind the target, which occurred 
years ago, and which led to thicker, and ever thicker armour. 
But there will bo this difference in favour of the gun, that the 
projectiles are heavier and stronger, the velocities are higher, and 
the explosives are more powerful. 
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EYperiments have hitherto indicated the certainty that armour 
will he blown in by charges exploded against it, and that bursting 
charges with high explosives will be carried through armour 
probably 12 or 14 inches thick. Now come the q^iestions for the 
Naval Administration. 

1. Is full advantage to be taken of these high explosives in any 
war which may break out within the next two or three years ? To 
this question the Author can give no answer. 

2. How is the new attack to be met in ships ? The answer of 
the French has boon seen. They would, if they could, cover their 
batteries with 4-inch armour. 

Another defence is to take care to have a superiority of fire. 
Any armour carried by an adversary reduces the number of effec- 
tive shots which can be delivered, because heavier guns must bo 
employed, and the fire must be slower. But 4-iucli armour is so 
penetrable that there will be no difficulty in delivering effective 
blows. Moreover, the fact that tlie enemy lias armour reduces 
his armament very seriously. If ho should have to fire the guns 
through port-holes cut in the armour, he will hardly be able to 
secure his battery from the intrusion of the projectiles against 
which he has armoured himself. In the French shi}) “ Dupuy do 
Lome,” no guns are fired through ports. The guns are mounted 
on an unprotected upper dock. The armour jirotocts them only by 
keeping out the high explosive shell which might burst under them. 

A third way of meeting this new attack is to multiply the ships, 
with the same expenditure of capital, and thus to limit the loss of 
capital in a disaster arising from the use of these } lower ful agents 
of destruction. If this third way is admissible, it is most clearly 
to the advantage of England to pursue it. This country, above 
all nations, needs numbers of ships. 

To other powers the significance of individual ships is of most 
concern. To the English it is im]7ortant, above all things, to be 
present in many places with ships capable of attacking any 
enemy. For every ship of war having 14 knots speed now in the 
British Navy there are one hundred and thirty-three ships to 
protect (Table II. ). 

If the British Government determines to spend money upon 
invulnerable ships, the difficulty in increasing our relative numbers 
will be perpetually growing. There is no difficulty, except in 
finding the money, in making an invulnerable ship. Ships can 
be built and navigated which no torpedo, nor ram, nor gun which 
can be worked from any ship now in existence, can fatally wound. 
In such a ship every man may be absolutely i)rotected, high explo- 
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stives notwithstanding. But there vrill he so few of them that 
<X)inmerce and the colonies may be lost for want of ships, and there 
will only be the satisfaction that the sailors have been protected 
in such ships as exist. 

Table II. 



England. 

France. 

Italy. , 

KuBsta. 

Germany. 

United 

States. 

Ships of war capable of stcam-j 
ing upwards of 14 knots anl 

92 

68 

43 

22 

34 

12 

hour j 

Number of merchant ships of| 
100 tons and upwards to each> 

133 

22 

40 

56 

61 

303 

of above vessels . . . . ) 

Merchant steamers of 14 knots') 
speed and upwards, and off 
1,500 (gross) tons measure - 1 
ment, and upwards . . . j 

87 

22 

4 


12 

•• 


In order to put forward in a concrete form the Author’s view as 
to the type of fighting ship most suitable for tlie present needs of 
the British Navy, ho has brought forward a design. It is for a ship 
of 3,200 tons displacement, costing one-fourth of the so-called first- 
class battle-ship of to-day. A sufficient number of ships of this type 
could probably be built and armed in two years, the guns being 
included in the contract. It may be said that nothing can be done 
upon such dimensions, and at such cost, which can entitle the ship 
to be called a battle-shi]). It may be well to remember that the 
seventy-four gun line-of-battle ship of fifty years ago had a total 
displacement of only 3,000 tons ; and that the eighty-gun ship of 
the same period had only 3,500 tons. This design comes between 
the two, and will cost as much as three seventy-four gun ships, 
although, as has been already said, it will only cost one-fourth 
of the modern first-class battle-ship. 

It is difficult to get the sailor to appreciate a money basis. He 
has to fight in the ships. He sees that his personal chances of life 
in the smaller ship are less than they would be in the ship costing 
four times the money, and he naturally values his life and his 
chances of personal victory more than he does gold. He cannot 
be expected to see that if four British ships, costing for the 
four a million of money, destroy or capture one ship of the enemy 
costing the same amount, at the sacrifice by foundering of the ship 
which he might command, that that would be an altogether good 
result. 
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It is necessary to bring well to the front the enormous increase 
in the value of the material of war which is entrusted to 
each captain and to each man in a modem ship. In the line- 
of-battle ship of fifty years ago, the value of the material for 
a single command would have been about £100,000, and the 
value per man in the crews of such ships not more than £150. In 
the ironclad of 12,000 tons of to-day, the value of ten of the former 
line-of-battle ships is entrusted to eagh captain, and not less than 
£2,000 to each man in the crew. In the ship of 3,200 tons, which 
is furnished in illustration of the principle of giving preference to 
numbers of ships rather than to individual costliness, each captain 
would still control an expenditure tvdee that required for the line- 
of-battle ship of fifty years ago, and each man in the crew would 
represent from £1,000 to £1,500. 

The description of the ship may be very brief. 

The speed suggested is 17 knots an hour on the measured mile 
as a minimum. This is 2 knots higher than the speed of the 
largest armoured ships of France. 

There is an under-water deck. It is kept wholly under water, 
and may be, upon the dimensions shown (but with some cor- 
responding variations in dis 2 )lacement), of thicknesses of from 1 inch 
to 3 inches. 

This deck is covered from end to end by a solid raft of packing 
material, manufactured by the Woodite Company, which rises 
above water several feet at the sides, and 6 inches in the middle. 
This packing-material is practically non-absorbent of water. It 
will exclude, for twenty-four hours, 9G jier cent, of the water which 
would enter an em 2 )ty compartment. It requires an ap 2 iropriation 
of weight of from 4 to 5 2 ^er cent, of the displacement. By this, 
means the floating power of the ship is preserved against sudden 
destruction under artillery fije. The raft-body can only be slowly 
destroyed. 

For the defence of the fighting position, steel-faced armour 
9 inches thick is employed. Within this there is further armour 
protection, 6 inches thick, over the directing station for the officers. 

The order in which protection is given is as follows ; — 

1. Propelling and steering machinery and magazines. 

2. Floating power. 

3. OfiSioers at their fighting station. 

4. Guns and gunners. 

In close action the whole crew may be under armoured cover. 
The armament is central, with an unrestricted all-round fire from 
every gun. The guns may either bo a pair of 22-ton armour- 
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piercing guns as shown, or a greater number of lighter guns for 
filing high explosive shells. In either case the mounting is re- 
volved, and the guns are trained and fired by the officers in the 
central position. The gunners have only to load the gun in their 
own separate compartment of the revolving mounting, and to 
connect the firing wires. 

The design and the estimated cost of the ship have been prepared 
by the Naval Construction and Armaments Company, assisted by 
Sir Joseph Whitworth and Company. 

What the Author desires to say is that such a ship may attack 
fortresses with as good a chance of immunity from destruction from 
torpedoes and rams as the ship of 12,000 tons; and for the same 
money there will be four ships to one. The same is true of the 
defence of ports. As to fighting at sea with other ships, each of 
these four ships will find perforablo to its guns 99 per cent, of the 
area of the sides of those foreign armoured ships which have side- 
armour. The ships of 12,000 tons, armed with 67- and 60-ton 
guns, will find only J per cent, more perforablo to their guns. 
There are four batteries, and eight heavy armour-jiiercing guns 
in the four ships, and only two batteries, and four lieavy armour- 
piercing guns in the 12,000-tou ship which has cost as much. 
There are four captains for independent, as well as for united 
action ; four securities against breakdown, or damage by the enemy ; 
and the power of occupying four positions on the field against one 
in the 12,000-ton ship. The juinciple holds for ships of larger 
size, say, of one-third, or of one-half the cost of the largest ship of 
the enemy. 

But the peculiar feature in this design, that is, a single central 
battery, becomes less advantageous as the ship is increased in size. 
It is, perhaps, only applicable with undoubted advantage, where 
at least three shii)s and three batteries can bo brought against the 
very large ship of the enemy, who may have as many as three 
armoured positions in one bliij^. 

If it should be said that this dispersion of force entails a risk of 
destruction in detail, by encounters with units of greater force in 
the hands of an enemy, that argument simply goes to show that 
organizing skill will be required to ensure the presence of the 
united forces where they are needed. 

The position is, that to satisfy the demand for superiority in 
individual ships, an expenditure of one million of money has been 
reached for a single armed ship. 

On examining the ship, as the French ships have been examined, 
it will be discovered that they are most seriously exposed to the 
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attack of the powerful weapons which are now in rapid course of 
development. The Naval authorities have to decide for themselves 
whether they will concur in still further enlargement in individual 
ships, or will endeavour rather to meet them by combining the 
forces of smaller ships. It appears to the Author that there is no 
difficulty in taking this latter course, and that it has many 
advantages. 

The principle of subdivision is consistent with perfect sea- 
worthiness, with speed as high as that of the largest ships, with 
the control of weapons which can be used with fatal eftect upon the 
most powerful ships of the enemy; and with such powers of en- 
durance as will enable the smaller vessels to receive injuries from 
the largest ships without necessarily fatal results. 

In this exposition of the uses of armour, it has become apparent 
that fighting ships must continue to use it. When armour is 
employed in the form of comparatively thin horizontal plating, 
experiment seems to have shown that steel, low in carbon, is the 
best material. When it is employed in the form of a wall, either 
upright or inclined, and comparatively thick, the value of a hard 
face becomes very marked. 

There are throe distinct modes of manufacturing thick armour. 
They are described by Mr. Alexander Wilson, the original inventor 
of compound armour, and the Chairman of the firm of Charles 
Cammell and Co., as follows : — 

A large wrought-iron plate C (Fig. 2), built uj) of many thick- 
nesses, is passed through the rolls, and is then, whilst red-hot, pushed 
horizontally into a huge iron casting-mould A, revolving on 
trunnions. When the plate is securely fixed, the mould containing 
it is turned up into a vertical position, and liquid steel, B, is 
I)oured from a ladle into a trough, which distributes it in small 
streams into the cavity between one side of the wrouglit-iron plate 
and the side of the mould, precautions being taken to jj^revent it 
from flowing elsewhere. When the steel has become solid, the 
whole mass of iron and steel, which is fused together, is taken out 
of the mould, and, after re-hoating, again passed through the rolls 
until it is reduced to the thickness required. It is subsequently 
bent at the hydraulic press to the curvature of the ship, and is then 
|)laced on the planing or slotting-machines to bo cut to the finished 
sizes, the drilling of the bolt-holes being the final operation. This 
is the plan 2)ursuod by Messrs. Charles Cammell and Co. 

The method adopted by Sir J. Brown and Co. is somewhat 
different. It consists in taking a wrought-iron plate C, after 
allowing it to cool, and placing a thin steel plate A a few inches 
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from its fSetoe by means of wedge-plates D round tbe three sides, 
giE ft ll steel studs being placed at several points to prevent the two 
plates from coming too close to each other in the furnace. The 
whole mass is then heated, taken out of the furnace, and lifted by 
a crane vertically into the pit, where the molten steel is poured 
between the two plates from a ladle and trough. The plate is 
afterwards rolled or otherwise compressed, bent, and machined. 

Fig 2. 


A 



The Author was greatly struck by the improvement effected by 
the use of the hydraulic press by Sir John Brown and Co. 

Figs. 4 show how much more work can be put into the steel 
when the press is used as an intermediate process before rolling. 
Here (a) shows how the softer metal, the iron, squeezes out under 
the rolls and interferes with the proper compression of the steel. 
(h') shows how the steel may be pressed out by local and repeated 
squeezes of the press, only a very small surface being acted on at 



each stroke of the press, (c) shows, by contrast with (a), how 
the final result is affected. The reduction due to this press, in the 
internal strains remaining in the steel after forging, must be very 
important in a thick plate. 

Mr. Wilson describes the successive phases of the manufacture 
of the forged steel plates at the Creusot works as follows : — 

1. The running off, by means of the Siemens furnace, of an 
ingot proportionate to the weight required for the plate when 
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fiuislied ; the latter representing only about 55 to 60 per cent, of 
the steel cast. 

2. The heating of the mass in gas-furnaces, and the forging of 
the plate under the 80-ton hammer. 

3. The shaping, either by hammering or with the hydraulic 
press, followed by annealing in a coal-furnace. 

4. The trimming, either with a planer or a saw, when the metal 
is cold. 

5. A first vertical oil-tempering at a high temperature, followed 
by another tempering at a lower temperature, and often by 
annealing. 

6. The finishing of the plate by the planing off of the ends. 

The most successful plate ever fired at in England or elsewhere, 
80 far as the Author can learn, is shown in Figs. 5 and 6 ; it was 
tested at Portsmouth on the 24th of March, 1888. 

It is a stcel-faced plate 10^ inches thick, manufactured, according 
to their process, by Charles Cammell and Co., and attacked by 6-inch 
forged steel shot of 100 lbs. weight, and having a muzzle velocity 
of 1,976 feet per second, and a striking energy of 2,723 foot-tons. 

The same firm manufactured, at the same time, a steel plate, 
Figs. 7 and 8. Mr. Wilson says it is “ the first steel plate which 
has ever withstood such a severe test without breaking up,” and 
that certainly it has proved much superior to any plate manufac- 
tured at Creusot which has been subjected to artillery fire. It was 
tested, under similar conditions to the preceding one, at Portsmouth 
on the 19th of May, 1888. 

In Figs. 5 to 8, the shots numbered 1, 2 and 5 were Holtzer 
forged steel shell, of 100 lbs. weight, 17 J inches long; those 
numbered 3 and 4 were Palliser chilled cast-iron, of 98 lbs. 
weight. 

The Schneider plates have, he says, invariably cracked through at 
the second shot, and in the generality of cases at the first, and this 
with chilled cast-iron projectiles; but the plate under notice, 
which was subjected to the same attack as the compound plate, not 
only withstood the two Palliser chilled-iron shells, simply pulver- 
izing them in fact, but also stopped and kept out the three Holtzer 
forged steel projectiles, and this without showing a single crack. 
The plate is the first on record which has succeeded in stopping 
these forged steel shells ; and it was sufficiently tough to do this 
without being itself fractured. Still, when the results are compared 
with those obtained against the compound plate tested on the 
24tli of March, 1888, it will be seen how the hard face of the 
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latter gives it a marked advantage in resisting the perforation of 
projectiles. 

These results are against direct firing; hut against oblique 
firing the advantages of the compound steel-faced system are far 
more prominently demonstrated. 

The Author has treated the subject broadly, and, with the kind 
assistance of the armour-^jlate makers, has enunciated the whole 
aspect of the armour question. He has considered not only what 
armour is, but how it is employed. It is not a naval question, in 
the first place ; it is one of engineering science. It must be re- 
membered that civil and mechanical engineers have originated 
all improvements in the tyiDes of shix^s, including the introduction 
of steam ; of the screw ; of iron and steel in their construction ; 
and of the use of armour. The great improvements in ordnance 
and torpedo attack are also due to them. The attitude of the 
^engineer towards questions of war-material differs from that of 
a member of a x^olitical administration, and from that of naval 
and military officers. The engineer is mainly interested in the 
question of the devclopiiient of the powers of the weapons of war, 
and he is constantly thinking how they may bo extended, and 
how the maximum of power may bo got out of a given expen- 
diture. The tendency with the administration is to estimate the 
comparative value of available resources of rival governments, 
and not to look beyond the immediate future. It may be seen 
from the si)cech of Sir John Pakington, when introducing Navy 
Estimates, on the 25th of February, 1859, and when the French 
ironclad sea-going sliq^s were being built, how easy it is to 
undervalue new forces. This administration undertook the building 
and conversion at that time of sixty-seven wooden line-of-battle 
ships and frigates ; and they were all in the hands of the dockyard 
authorities, in various stages of x^roduction, a few months after- 
wards. But not one of them was suitable for the circumstances of 
the time. Many of them were never finished. 

The Author would agree cheerfully to any proposals by the 
•Government, as to the size of the shix^s, and as to the use of 
armour for them, if they were laid for apx)roval before some com- 
petent technical committee, for a month. 

The times are critical, and, if the Author were responsible for 
the steps which must be taken by the administration, he would 
insist ux^on having the soundest index^endent judgment which 
could be obtained. 

The Author’s successor at the Admiralty x>leaded for enquiry 
into the subject in “The Times” newspaper in 1884 and 1885. 
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He lias himself pleaded privately, hut through the proper channels, 
with each administration in turn from that time to this. The 
diflSoulties surrounding the question are not lessening ; they are 
sensibly growing. 

The Author feels satisfied that if such a body as the Council of 
this Institution had been consulted in 1868, 1871, and 1875, dates 
when naval ordnance was in a crisis, and under serious debate, it 
would not have happened that the question of breech-loading would 
have been kept closed from 1866 until 1870. He believes that, if 
such a body had been consulted in 1859, it would have appreciated 
better the significance of the four ironclad ships then building in 
Prance, and the Government proposals would have been wisely 
modified. 

So far as the Author knows, the proposals of the Admiralty 
(which he has not seen) as to large ships, and the armour for them, 
may bo sound and wise. If they are, it would be very unlikely 
that such a reference as has been suggested could cause incon- 
venience or delay. 

The Author is not of those who consider it possible to protect 
sailing ships, and slow steam ships, by means of cruisers in a 
severe war. Indeed, nothing has been said in this Paper about 
regular fast war-cruisers. Long before ho loft the Admiralty, and 
before the design of Sir William Pearce for a fast cruiser was sent 
in, a cruiser of 22 knots speed, and to hold 2,000 tons of fuel, had 
been designed at the Admiralty ; but it was decided not to build 
it. The views which prevailed were very well stated publicly by 
Mr. George Pendel, who was then, happily, a member of the Board 
of Admiralty’’. lie said : 

“As far as I understand the question, an alternative is to add to tlioNavy a 
number of very swift partially armoured vessels of war s^xieially built to act as- 
the guardians of our commercial skips. Now,tkere arc one or two considerations 
which seem to make that coiirse a very difficult one. In the first place the 
number of vessels required would be something enormous. If we make the 
supreme effort required to provide them, wo have to remember that not only 
would their maintenance be extremely costly, but they would rapidly depreciate 
in value from the j^rogress in science. As an cxami>le, if we assume that that 
course had been followed some fifteen years ago, wo should certainly have had 
vessels engined in a manner which would have rendered necessary a complete- 
refitting of engines and boilers a few years later, because it would be* absolutely 
essential to maintain such vessels at the maximum i)oint of efficiciiey, and for 
this purpose compound engines must have been substituted for the engines- 
previously used. Again, another period of a few years, and wo should have 
found ourselves in the presence of the fact that such \ esscls must be of stool to 
cope with their rivals of the day. Again a reconstruction of the fleet. On the 
other hand, if it were possible to make the Commercial Navy self-protecting, or 
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to a large extent self-protecting, we sliould be sure always to bare in Tessels 
selected for that pur2X>se the latest improvements, and to have them at a very 
trifling cost, because, naturally, ships would drop out of the list as others of 
greater power came in. Then, instead of viewing witli as much alarm as pride 
the growth of our great mercantile marine, wo should view it with unmixed 
satisfaction. Wo should remove the perhaps greatest preoccupation of those 
who have to direct our naval policy and naval construction ; in short, the object 
to be obtained is so important that we cannot but think that a very careful 
examination of the question ought to bo made.” 

But this view does not prevail now. Cruisers of 9,000 tons are 
being built of the same type as the French “ Tage.” And yet those 
who look ahead can see at .least two most important elements of 
change coming into view. 

Look, moreover, at the composition of the squadrons in the naval 
manceuvres in 1888. While Kngland had nearly as many 14-knot 
ships in her mercantile marine as in the Boyal Navy, and almost 
all of them on the Admiralty List as auxiliaries, yet not one of 
them was engaged. 

The Admirals reporting on the operations draw attention to the 
proved necessity of having an ample supply of swift cruisers 
attached to a fleet to keep touch with the enemy, and, as this had 
been abundantly 2 >roved in 1885, it is difficult to understand why no 
use was made of them. 

The Author feels that the difficulty in providing a suitable 
armament for shijis will, for a good many years to come, be 
even greater than that of procuring ships, and that the merchant 
auxiliaries will be the last for which provision will be made. 

To many minds it seems that the hoj)e of the future, for i)eaceful 
sea-traders, lies rather in lessening than in increasing the individual 
superiority of the special ship of war. They would s^iare no 
efforts to raise the character and strength of the fast mercantile 
ships. But it must bo admitted that there is no prospect of a diminu- 
tion in the use of armour in regular fighting shij^s. The evident 
tendency is towards its introduction into every fighting ship. 

Recognizing the soundness of judgment of both parties — of 
those who would improve the regular shij) of war, and of those 
who would doveloj) the latent powers of the auxiliary naval forces — 
there is another question, and to this the Author has endeavoured 
chiefly to confine himself. 

That question is. Ought England at the present moment to move' 
still farther onward in increasing the size and cost of heavily- 
armoured shij^s requiring four or five years to com 2 )lete, or ought 
this country rather to endeavour to increase rajudly the number of 
protected ships, capable by reason of their speed and armament 
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of taking part in any engagement with an enemy, however power- 
ful ? And then there is the further question. Is advantage taken 
of all the national resources in the manufacture of guns, and 
modem projectiles, and explosives ; which will certainly he needed 
much more than ships are needed ? 

The Paper is illustrated hy several photographs and diagrams, 
from which the Figs, in the text have heen engraved. 


[Discussion. 
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Discussion. 

Sir George B. Bruce, President, said lie had much pleasure in 
moving a vote of thanks to Sir Nathaniel Barnaby for his Paper 
on a question so full of interest and importance to the country. 
However great might be the divergencies of opinion upon the 
question, there could be no difference of opinion as to Sir Nathaniel 
Barnaby’s right to speak on the matter, and there could be no 
doubt that everything he said was worthy of the most careful and 
attentive consideration, not only in the Institution, but throughout 
the country. 

Sir Edward James Heed hoped the Institution would not think 
him obtrusive, as a Member of the Council, in taking an early 
part in what must, lie imagined, prove a very elaborate and 
interesting discussion. Ho was specially charged to discuss 
another Paper on the following day, and the day after Sir 
Nathaniel Barnaby would read a very interesting and important 
Paper at another Institution. He was afraid, therefore, that if he 
did not avail himself of the present opportunity, he might not l)e 
able to speak to the Institution on tlio subject. The President 
had used words with referenoe to the Paper which had been upon 
his own tongue, namely, tliat it was a Paper of the greatest interest 
and importance, and, as he had already intimated, he thought it 
would furnish abundant material for debate, for it not only dealt 
with the main question in a very broad manner, but with a number 
of minor questions, which were sure to excite great interest. He 
thought it was due to the Author, and to the Institution, to discuss 
a question like that with 2)erfoct frankness and dispassionateness. 
He therefore hoped that what he said would be carefully watched, 
for the purj)0sc of ascertaining if he in any way i)assed beyond 
fair, legitimate, and real criticism of disputed matter. lie wished 
to guard himself on that point, because he came from another place 
in which a good deal of heat was generated in connection with the 
subject. The Author had given a series of what were described as 
“ phases ” of armour. They consisted of five circles, the first and 
last wholly shaded. If it were not out of order, he should like to 
ask the Author if he would be kind enough to explain what it was 
that regulated the proportion of shaded to unshaded area in those 
circles. He had studied them as well as he could, but he had not 
been able to see on what princijfie these diagrams were con- 
structed. They were shaded and partially shaded circles, for the 
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purpose, he supposed, of indicating to the eye in a simple manner 
the relation between the armoured and the nnarmoured portions 
of a ship. He su2)posed, therefore, that the shaded part always 
represented armour, and he might be right in assuming that it 
represented armour above water ; if so, his difficulty was to ascer- 
tain what the unshaded portions represented. Were they the 
areas of the unarmoured sides of the ship ? 

Sir Nathaniel Barnaby explained that his intention was to 
show the portion of the ship above water, which in the com- 
mencement was completely clothed with armour as repre- 
sented by the shaded circle. In the second phase, some of 
the armour came off, a part of the fighting batteries of the 
ship being left uncovered. In the third phase, there was still 
more uncovered ; in the fourth phase still more, and then the 
cycle of changes was suddenly ended by a comi)lete covering 
again of tlio side with armour. lie thought ho had made that 
point clear. 

Sir Elward Eefd said that his difficulty was with the diagram 
of the ship. The area of the unarraoured visible sides seemed much 
larger in proportion to the armoured than the unshaded part of 
the circle indicated. However, the Author’s explanation would 
serve all the purj)oses lie had in view. He desired to make a 
remark about that metliod of illustrating the state of the armour 
question. Although he had not the smallest doubt that the 
Author, in compiling the Paper, had travelled along some clear 
line of thought, he was entirely at a loss to understand the 
grou2)ing of the vessels. The circular disks were given to illustrate 
what might be called the rise and fall and re-rise of the armour. 
But then this extraordinary thing happened. The Author had 
introduced into the line of jirogress a couple of cruisers, and they 
followed apparently in the line with the line-of-battle ships that 
had gone before them. The Author, from considerations which 
would be 2)re&ent to most minds, and no doubt from a desire to 
avoid as much as possible controversial jioints, had selected his 
illustrations from the French Navy, and that had resulted in his 
introducing into the series of vessels the “ Dupuy do Lome.” On 
the previous evening, in the House of Commons, Sir Edward Eeed 
bad mentioned that ship ; thereupon the First Lord of the Admiralty 
sprang up and said that, if the “ Dupuy de Lome ” system was 
considered to bo of any importance, he was jirepared to combat 
that idea. The vessel, therefore, was knocked out of his mind on 
that occasion by a very high authority on those subjects ; yet he 
found it in the Paper occupying a position illustrative of the 
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progress of the armonr question. But if the Author had taken Sir Edward 
illustrations from the British Navy, instead of from the French, it 
would have been impossible for him to have taken the series of 
vessels he had chosen, or anything like them, because, while it 
was true that the English were building huge vessels of 9,000 tons, 
resembling the “ Tage ” more than any others adduced, it was 
impossible to put them into one series of ships illustrating the 
growth or otherwise of armour, because, simultaneously with the 
building of those unarmoured ships, the Admiralty was about to 
build eight ships of 15,000 tons, and two otliers of very consider- 
able size, for which was claimed more perfect protection by armour 
than had ever before existed. So that, if that series had l>een taken 
from the British Navy and from the succession of battle-ships as 
illustrating the progress of the armour question, there would have 
been, instead of the “ Tage ” and the “ Dupuy de Ijoiiio ” (vessels 
covered with 4-inch armour only), the first-class battle-ships now 
proposed to be built by the Government, and occupying a 2 >osition 
of an entirely different character from that which the other vessels 
could claim, llo consequently feared that the outside world 
(which was a 2 >rctty good-sized section) might be seriously misled 
by tho course which the Author had taken. He should have 
expected to find not a more solitary cruiser of tho French Navy — 
and a cruiser so bad that tho First Lord of the British Admiralty 
did not hesitate to denounce it the moment it was mentioned in 
Parliament — but such first-class battle-ships as were now proposed. 

In that case tho meeting would have been led from the “ Warrior ” 
down to the first-class line-of-battle ships about to be constructed, 
instead of from tho “ Gloiro ” to the “ Tage ” and tlie “ Dupuy de 
Lome.” 

Sir Nathaniel Bahnaby said tliat he had exidained that, when Sir Nathaniel 
ho wrote the Paj^cr, ho did not know what the Admiralty’s 
pro2)ositions were. Ho know nothing of tho shi 2 )s in question. 

Sir Elavard Keel did not think that afiected his position, because, Sir Edward 
when tho Paper was presented, tho Author must have known that 
the Admiralty intended to continue building armoured ships, and 
shi 2 )s of a largo class. All that he wished to guard against was 
the su]3position that the course of the armour-plate question in 
this country was in any way represented by tho series given in 
the Paper. It was nothing of the kind. If, instead of the 4-inch 
armour-plate vessels, the ships about to be constructed with very 
thick annour were taken, the cruisers would be relegated to a very 
different category, and fall under a very different line of thought 
and discussion. There was nothing in the Paper to show that the 
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^ Edward ” Tage only came into the series as a cruiser, and that the 
® * ‘*Dnpuy de Lome” followed in that ca2)acity, and that these 
vessels did not in any way rej^rosent the progress and growth of 
the armour question, as far as ho knew, in Franco, and most 
assuredly not in England. The Paper cleared up what had been 
mysterious to him for a long time, and it raised a question of the 
most serious and vital character touching the Navy. He had 
never been able to understand how it was that men of the highest 
skill and competence in their profession should have produced 
ships with the extremely limited amount of armour which charac- 
terised a great many vessels in the Navy. But the explanation 
was furnished by the Author, who stated that, in his judgment, it 
was of more consequence to be able to inflict damage in war than 
to be able to resist it. lie could quite understand that any one 
with that idea dominant would indeed sacrifice the material which 
would permit of resistance, and would devote himself to the 
development of the attacking force of the ship, which was the 
chief characteristic of many modern vessels. That was a princii)le 
right enough, he admitted, if a man were fighting a man, or even 
an army fighting an arniy ; although even then he thought it 
would be rather bad strategy never to be seeking to use defensive 
means that were offered, and always trusting to a su2)erior attack. 
But in the case of a ship of w’-ar the i)rinci2)le seemed to him to be 
as false as anything could possibly be, and for this reason, that in 
approaching an enemy on the sea the latter had with him an ally 
of the most persistent, ever 2>resent, determined character that 
could ])ossibly be manifested, namely, the sea. If the defence 
were slighted and the enemy allowed to perforate the sJiij) in such 
a manner that the sea could enter and dispose of it, the enemy 
would have the advantage not only of a powerful, but of an 
omnipotent and overmastering ally, who scofted at all sujDeriority 
of attack, giving no recognition to the detailed advantages pos- 
sessed by a shij), but sending everything belonging to it to the 
bottom of the sea. That in his judgment was the natural conse- 
quence of the theory propounded. The Paper, as it ap2)eared to 
him, denied to the country what it had a right to demand. The 
Author had very properly said that the question was no other than 
an engineering one. lie had reproached the sailors with having 
too little regard for money and consideration of cost. Sir Edward 
Beed reproached the Author with having had a great deal too 
much consideration for the cost. He thought the country had a 
right to ask its engineers in designing a battle-ship for the defence 
of this island (which was in itself little more than a big ship. 
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although happily not so sinkahle as some ships had been made), Sir Edward 
“ Will you send its protectors out into the Channel on a platform 
which the enemy shall not he able to send to the bottom readily, 
which ho shall not bo able to send to the bottom at all by the 
attack of light and inexpensive guns, and which, when the worst 
comes to the worst, he shall only be able to send to the bottom by 
bringing out enormous and costly guns which shall tax his skill 
and strength to produce ? ” There was a striking acknowledg- 
ment in the Taper, that in saying that lie was not asking the 
engineer anything that he conld not do, because the Author not 
only laid it down that men could be sent into the Channel upon 
an invulnerable ])latforiJi, but asserted that everything could be 
made invulnerable. “ There is no difficulty,” he said, “ except 
in finding the money, in making an invulnerable ship. 8hips 
can be built and navigated which no torpedo, nor ram, nor gun 
which can be worked from any ship now in existence, can fatally , 
wound.” (lie should like to go a little further and say, which no 
number of torpedoes, or rams, or guns can fatally wound.) “ In such 
a shiji every man may be absolutely protected, high ex])losives not- 
withstanding.” When a railway engineer was asked to build a 
bridge across a river, ho said to his company: “If you want to 
bridge the river 1 will make the bridge, and it will cost you so 
much ; ” in like manner why should not the naval engineer say : 

“ If you want a safe ship, I can build it, and it will cost you so 
much.” He did not go so far as the above words of the Author, to 
which he knew ho did not commit himself; ho did not want so 
much protection as there described, but he wanted the i)latform 
protected ; he had invariably demanded it, and if a contrary 
resolution were ])ro])oscd in the Institution, and voted for by every 
man i)resent, lie would nevertheless go on demanding first-class 
line-of-battle ships so protected that the enemy could not send 
them to the bottom unless ho brought out guns which would 
severely tax his pocket and his strength to 2 )roduce. He wanted 
to know what, as a Naval Constructor, he had to do with cost. 

Peojile seemed to think that there was a body which restrained 
and limited the expenditure u^wn the Navy. That was a delusion. 

On the contrary, there sat within a few yards of the Institution a 
body which would sanction any exjienditure that a Minister could 
be got to ask lor ; and if the House of Commons were told that 
the Government was going to send men and officers out into the 
Channel for the defence of the country, on invulnerable and 
unsinkable platforms, there never would bo anything more than 
that which happened now ; somebody who thought that the 
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iSRr Bdwwd country could do better without any ships at all, or at any rate, 
that it could do with a much fewer number, would make a motion 
pn the subject ; but very few indeed would vote for it, and the great 
majority of the House of Commons — of every House of Commons 
that he had known, and he had sat in Parliament for fifteen 
years continuously — would cheerfully grant the money. He saw 
present a distinguished officer who had been quoted in the Paper, 
Admiral Sir John Hay, Bart., and one of the finest records of his 
parliamentary career was his maintenance, from a naval officer’s 
point of view, of the very proi)osition he was now laying down, that 
it was not his business to restrain and hamper his profession with 
questions of money. ‘Sot was it so with the naval architect, and 
for this good reason, that the thing to be protected, namely, the 
existence of the independence of the country, was worth protecting 
at a very considerable cost. Then there was another proposition 
growing out of that part of the subject, whicli he hoped the meeting 
w’^ould allow him to state. He must ex])ress some surprise at it, 
because he always felt that, behind any oj)inion of tlio Author’s, 
there must lie a strong thought of some kind ; but he was at a loss 
to understand what the Author could have behind his words when 
ho pointed out that it was for other countries, rather than for this, 
to care about a strong individual ship ; that tins country had not 
the same reason for desiring to have strong individual ships as 
other countries. He differed entirely from that proj)Osition. He 
did not deny that the other part of the Author’s contention was 
thoroughly sound and good, namely, that plenty of ships were 
w'anted, and that the power of England should be maintained in a 
great many parts of tlie globe. That, lie admitted, w^as a necessity, 
but it was not tlie first necessity. Tlie first necessity was the 
inviolability of England’s shores. What was tlie state of the case 
as betw^een this and other countries? A seaport town or two 
might bo destroyed in Eussia, and tribute levied upon them — 
wdiat did it matter ? The effect was hardly felt throughout that 
empire. Several towns might even be destroyed in France, yet, 
such was the wealth and recuperative power of that country, 
that no mortal blow would be inflicted by anything that could be 
done to its ports. But in this country nearly all the great towns 
and cities were ports, or nearly jiorts, and therefore the first essen- 
tial to its existence, in a maritime war, was to be able to keep the 
mastery of the Channel by means of ships individually strong, 
and as compared with other powers, so to say, omnipotent. And 
simultaneously with that, a multitude of ships should be secured 
for the multitudinous services which the Navy was called upon to 
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perform all over the kingdom. But, notwithstanding what he had Sir Mward 
said, he was extremely disposed to go a long way with what seemed * 
to be the main contention of the Author, namely, the multiplica- 
tion of small sliips, individually far from weak, for attack or for 
defence, and of moderate size and cost. The reason was that he 
could not get the invulnerable ship built ; ho could not get the 
safe platform constructed. It seemed to be tlie determination of 
every constructor, who had power and responsibility, to make it 
his care not to give the ship an invulnerable platform which the 
enemy could not easily dispose of. At the present moment this 
country was in the position of being about to vote eight millions of 
money for eight sliips which did not to his satisfaction fulfil that 
primary condition, but were distinctly made in such a way that 
they could be destroyed without the attacks of the very powerful 
guns to which he had alluded. Since, therefore, the proper ships 
were not to be had ; since ships costing a million of money were 
exposed to going down to the bottom of the sea because tliey had 
been denied the necessary armour of defence — the necessary height 
and depth — ^lio felt persuaded by the Paper into the course of pre- 
ferring the multiplication of ships of less size and cost, and taking 
the chance with them. The vessel proposed by the Author was, to 
his mind, one of an extremely interesting character. Regarding 
the sea as the enemy’s most destructive ally, when once allowed to 
enter in sufficient quantity, and feeling that the invulnerable 
platform could not be obtained, the question arose whether, as the 
ship must be destroyed, it was not better to adopt the Author’s 
design. An idea in a vague way had sometimes passed through his 
own mind, whether a vessel should not be ])roduced defended in 
regard to the engines and boilers by an under-water dock, then 
filling it up from that deck to a substantial height above water, 
so that the enemy could not sink it by fire, except by the com- 
paratively slow process of blowing out that solid, but light 
material. It was a concejjtion which seemed to him to be ex- 
tremely full of interest, and thoroughly worthy of study and 
consideration. The tiling about it which ho did not like (it was 
i mere matter of detail) was that the Author had not in his judg- 
nent carried that solid substance uj> high enough above the load- 
ine. He could not reconcile his mind to vessels which sank when 
» little water was let into them. He thought they ought at any 
ate to be able to take some water on board and still keep afloat, 
f there was only a margin of 6 inches, as allowed in the Paper, 
cr the solid material above the load water-line, he thought that 
^as not sufficient. This was very much the same question as 
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that of the belt. Why he detested the belt for a line-of-battle 
ship when narrowed down, as it always was, was this : If the belt 
was 6 or 8 feet high, or even 4 or 5 feet, a certain quantity of 
sea could be admitted, or an extra quantity of stores taken on 
board, and still the vessel would remain a safe, satisfactory fighting 
vessel ; but if the belt was designed to be 2 feet 6 inches above 
water, and if it came out, as it often did, only 1 foot 3 inches 
above water in the finished work, the margin was gone. A des- 
perate effort was going to be made against that in the new ships. 
He believed the Board of Admiralty had determined to exercise a 
little direct control over the designing, and the intelligence and 
knowledge displayed in Parliament encouraged him to believe that 
many things would be done if it had full scope. One of the in- 
structions to the Constructor was, “For the future you must allow 
a margin of displacement,” and he believed that 4 per cent, was 
what had been imposed upon him. That was a very wise thing ; 
but then the Constructor, although he had given 4 j^er cent, 
margin of displacement, had provided for a very small coal 
supjdy ; and before the ship was finished he was told to doiible it, 
and, when doubled, the margin was all gone. Ho had no doubt 
that that was what had been done, and that was liow it ha 2 >pened 
that a first-class British iron-clad, costing a million of money to 
defend the interests of the country in tJio Mediterranean, with 
13,000 indicated HP., was to be allowed 900 tons of coal. There 
was an odd remark in the Pa 2 )or which he hoped he might be ex- 
cused for noticing. The Author had quoted from Mr. George 
Bendel, and he had introduced the quotation by stating that Mr. 
Bendel was then “ happily, a member of the Board of Admiralty,” 
and, as an illustration of the happy effect which he had on the 
Board, it was stated that when the Author designed a cruiser of 
22 knots speed, and to hold 2,000 tons of fuel, it was decided not 
to build it. He did not wish to say anything reflecting upon Mr. 
Ilendel, but, if his influence on the Board of Admiralty was to 
l>revent fast cruisers from being built for the British Navy, the 
inference he should draw would be not that it was a happy cir- 
cumstance that he was on the Board of Admiralty, but that it 
would have been a much happier one if he had been far away from 
it. The fact was now acknowledged that the Author had been for 
several years urging the Admiralty to constitute a body to enquire 
into that great engineering question upon which millions of money 
were being lavished from the accidental causes of the moment, 
and the Author had mentioned what was perfectly true — that Mr. 
White, his successor, like himself, had advised independent en- 
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quiry. What was the result of it ? An expenditure was about to Sir Edward 
be incurred, not quite so much as some people supposed, but of 
about sixteen millions, upon ships from the design of one gentle- 
man. He was a thoroughly competent man, and he would always 
bear the warmest possible testimony to the ability of the present 
Director of Naval Construction. He was no doubt one of the 
ablest designers; indeed, the only doubt ho had about him was 
whether he was not a great deal too able. He had lived long 
enough in the world to be more afraid of very clever people than 
he was of moderately clever ones. But the situation of things at 
present was that the late chief Constructor of the Navy was 
inviting enquiry, that Sir Edward Eeed, a i)redecessor of his, was 
urging enquiry, that the present Director of Naval Construction 
was urging enquiry — that all enquiry was denied, and that millions 
wore about to be expended upon the designs of a gentleman who 
was an apprentice when Sir Edward Eeed was Chief Constructor, 
and who, with all his ability, might possibly be very beneficially 
restrained by the bringing of other minds independently and freely 
to bear upon the subject. Millions were to bo lavished upon these 
hole-and-corner designs. He joined with the Author most cor- 
dially, first, in believing that if the Council of the Institution had 
been invited to deal with the question from time to time great 
public evils and public waste would have been averted, and that, 
if such a body were now called in to advise the Government of the 
country before launching out into such an immense expenditure 
on designs which he condemned, and wliich the late Chief Con- 
structor most delicately, but, nevertheless, most powerfully, called 
in question, an enquiry might bo raised which would save all that 
expenditure, and which would lead the country, as it ought to bo 
led, by sound, good, broad, professional advice, along that path 
which ended either in the vindication of its greatness and the 
preservation of its power, or in overthrow and destruction, under 
conditions which would terminate its career in an unjustifiable 
neglect of the known resources of civilization. 

Sir Nathaniel Baiinauy asked permission to make an explanation Sir Nathaniel 
concerning the material proposed to bo employed as solid raft 
I)acking for the defence of buoyancy and stability in small fighting 
ships. Since the Paper had been read, his attention had been 
called to the fact that specimens of the material had been sent out 
by the Woodite Company which, in the conditions in which they 
were sent, were very far from being non-absorbent of water. He 
ought to have observed that himself, but he had not done so. The 
material, as he accepted it, was non-absorbent of water, and 
[the INST. C.E. VOL. XCVIII.] D 
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he submitted specimens which, without any envelope or external 
waterproofing, were non-absorbent. In order to reduce the price 
and the weight of the material, the manufacturers had produced 
what they thought to be a bettor result. They produced blocks 
not weighing more than IG lbs. per cubic foot, and they subse- 
quently “ waterproofed ” those 1 docks, as shown by the specimens. 
That latter material when waterproofed weighed, as he had said, 
about 16 lbs. to the cubic foot, and cost £45 per ton. It was 
impervious to water so long as its jacket remained unbroken. If 
its jacket was broken the internal jmcking admitted water. It 
did not absorb water into its own structure, and it did not appear 
to suffer disintegration. The material thus presented two aspects. 
(1) A material impervious to water, and weighing loss than ho 
gave as a weight which could bo accepted. (2) A material very 
much lighter when unjacketed, which was pervious to water, but 
which was intended to be jacketed, and was then watertight. 

Vice-Admiral E. n. HowAiin said it had been stated by tho Author 
that he could build four of tho vessels described in the Paper for 
one of the monster ironclads designed by the Admiralty, and that 
he thought was a very important point. Superiority in numbers 
was a great advantage, giving, as it did, different 2 )oints of attack. 
Besides, tho four vessels would have four independent heads. Tho 
present practice was to make everything dependent on the captain 
of the ship, and to put everything under his control. The re- 
sponsibility, therefore, of the captain of one of the large ships 
would bo very great indeed. In the case of the four vessels that 
responsibility 'would be divided, and, for his own part, ho would 
much rather have command of the four ships than of the one ship. 

Captain C. P, Fitz-Gerald, E.N., said he had the misfortune to 
be opposed to the Author on more than one occasion ; but ho 
knew that the Author would be the last man to deprecate 
fair and honest criticism, and ho would be able to reply to any 
observations that were made. lie also had the misfortune to 
differ from Vice-Admiral Howard, with regard to his statement 
that four weak ships were better than one good one. How 
he was to command four ships in action he did not know ; any 
captain would probably find it sufficient to command one. If 
the four ships could bo worked under the direction of one brain, 
there might be some soundness in such strategy, but he held 
that to be impossible. Signals in the heat of action would 
be of very little use. The four ships would be governed by 
different brains, and it would not bo possible to bring them all to 
bear upon the decisive point at the decisive moment. It had been 
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laid down as one of the first principles of war, either on shore or Captain 
at sea, that there should be the greatest possible force at a given 
point at a given time. That principle had been a favourite maxim 
of Napoleon’s, and had been followed by all the great captaips of all 
ages. With the suggested division of the responsibility, in the four 
«hips, ho did not see how that happy conclusion could be arrived at. 

He was a believer in what had been called the moral effect in 
war. No doubt the words had been much misused ; but still the 
fact that an army or a fleet thought itself superior, either in 
weapons or in any other way, to the enemy it had to fight, was 
admitted on all hands to be a very important factor in the case. 
Whether it was a magazine rifle, or a breech-loader, or a more 
powerful shiji, it gave confidence to the men who were going to 
fight. Ho knew that it was the fashion to say that the whole 
business of naval war was being reduced to a matter of mechanical 
engineering. He ought to speak with caution on the subject before 
civil engineers, because naturally their minds would be concen- 
trated upon the question of engineering. Naval battles were, in 
their view, to be fought ])y machinery, by the turning of a crank, 
the pulling of a handle, the discharge of a torpedo, or the firing of 
a gun. Ho did not believe in that, and he maintained that the 
personal element — tlie fighting men themselves — would enter as 
largely as ever into tlie question. To go on any other principle 
would be making a very great mistake. The effort to put the 
eggs in different baskets was, he believed, a departure from sound 
principle. The question had been argued from many points of 
view, and the Spanish Armada had been cited as an instance. 

The English were said to have had then a larger number of quick- 
working small ships than the Spaniards, and could therefore buzz 
round them and attack them as they liked. Professor Laughton, 
however, had exploded that theory. In a recent lecture he had 
shown that not only had the English more guns, but heavier ones, 
than the Spanish, and that they destroyed the enemy by superior 
seamanship and superior artillery power, and in other ways into 
which he need not enter; the English certainly had superior 
speed and mobilitj^ which was another point of great im- 
portance. The Author had put forward a ship of 3,200 tons, 
going at a speed of 17 knots an hour. Such a ship might pos- 
sibly attain that speed, but under what circumstances ? In dead 
smooth water. It was well known that a small ship could not keep 
up its speed like a big ship in rough water. The speed fell off at 
once, and it was impossible to compare a ship of that kind with 
one of those magnificent designs of Mr. White’s recently brought 

T> 2 
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forward at the Institution of Naval Architects. If a seaman 
were told that the small ship could keep its speed under tho 
conditions that it was likely to meet with in the ocean, he simply 
would not believe it. As to the point of tactics, it was all very 
well to say, “If you bring out your one monster, I will attack 
you with five ships; I have so many more guns and so many 
more chances than you.” It should be remembered that these 
five ships would get in each other’s way, and would very 
likely run into each other. Besides, a battle ship did not go out 
to fight alone ; there was usually a fleet, say of half-a-dozen ships, 
and such a fleet would require thirty small ships to attack it. 
Those thirty small ships could not all bo on the same piece of 
water at the same time, and could not fulfil the first principle of 
strategy, that of bringing to bear the greatest force at tho decisive 
moment. The Author had quoted a passage from Admiral Touchard, 
and had thus given it the imprimatur of his authority, expressing 
sentiments with which Captain Fitz-Gerald could not agree. lie 
also said, “ It is difficult to get the sailor to appreciate a money 
basis. He has to fight in the ships.” No doubt it was difficult, 
and he hoped it would remain so. Naval men did not care about 
the money ; the tax-payer -had to provide that. Sailors wanted 
the best of everything to do the best work ; and he believed that 
the policy of building cheap ships, knowingly inferior to those 
of foreign nations, was a totally wrong policy. The Author said : 
“He sees that his personal chances of life in tlie smaller ship 
are less than they would bo in a ship costing four times the 
money, and he naturally values his life and his chances of per- 
sonal victory more than he does gold.” He did not suppose that 
the sailor would think much about his life, when once he was 
engaged in fighting, -but he did value his chances of victory. It 
was all very well to put him in an inferior ship, and say, “ It is 
true you will be sunk, but it will not matter, because there are 
others to take your place.” That was a false position to place 
him in, and it was depriving the service of one of the first 
principles of warfare, namely, that of giving confidence to tho men 
in the ships in which they fought. To endeavour to impress tho 
men with the money value of the ships was a great mistake. The 
captain, whether of a torpedo boat, or of a line-of-battle ship, 
carried into battle with him his life, his honour, the honour of his 
country, of his flag, and of his profession ; and ho thought that was 
quite enough without impressing upon him the fact that his ship 
^t a million of money. He therefore came to the conclusion 
that the only policy for England, as a rich nation, was to have the 
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best of everything, and to pay for it. He conld quite understand Captain Fits- 

a poor nation building a large number of cheaper ships, and trying 

to multiply its chances in that way ; but England had to protect 

the commerce of an enormous empire, the richest that the world 

had ever seen, and the envy of all other countries ; and it was 

absurd for her to haggle over the price of defending it. Whatever 

might be the cost, it could bear no reasonable proportion to the 

riches to be defended, and the only possible way of defending 

them was by absolute supremacy on the sea, both as to number, 

and as to the individual fighting ships. 

Admiral II. Boys said the Paper began} with a matter of almost Almiral Boys, 
ancient history wliicli he well recollected. The tenour of the 
Author’s remarks appeared to be that naval officers in those early 
days, instead of endeavouring to advance the science of ship- 
building, were rather disposed to check it. It was stated that 
the captain of IF.M.S. ‘ Excellent,’ reported in 1850, that ‘ whether 
iron vessels arc of a slight or substantial construction, iron is not a 
material calculated for ships of war.’ ” He well recollected those 
experiments. They were made by firing at^one of the first iron- 
built ships, at a distance of about 400 yards, with 32-pounders. 

The material of the ship was called iron, but from the fractures 
and the debris thrown about inside the ship, the results were 
somewhat similar to breaking a pane of glass with stones. He 
thought the officers who made the trials were quite right in 
saying that that was not a material that should be used in the 
construction of war ships, and in doing their best to prevent 
its use. With regard to the statement that “ seventeen iron 
ships, which had been in process of construction for fighting 
purposes, were thereupon condemned as useless for war-service,’" 
he could only say that that was the first time he had heard of 
it. As to the question of vulnerability of the water-line of 
ships against artillery. When ships were perfectly steady, and 
in smooth water, perforation under water was almost impracticable, 
because immediately the shot touched the surface of the water 
it ricochetted and skimmed above it. In smooth water there was 
no reason why the water-line should be protected with armour 
more than any other parts of the ship. With regard to rolling- 
motion, ho believed that the rolling “period” of vessels of that 
description was about ten or twelve rolls per minute ; or say 
one roll in six seconds. Considering that a ship would roll both 
ways its dangerous zone would be out of water only half the time, 
and that would make it three seconds. Then it should be remem- 
bered that the attacking ship would be rolling, so that the three 
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Qirftftl iBoya. seconds would be reduced to one-and-a-half second, which would 
be all the time that the vulnerable part at the water-line would 
be exposed to fire. It should also be borne in mind that ships 
would not be rolling the same way at the same time; if 
one rolled one way while the other rolled the opposite 'vray, 
the guns being fixed to the deck could not be pointed to the water- 
line at all. Then there were two other points to be considered* 
There was the probability of the swell or wave intervening, as 
occurred with a ship to which ho onco happened to belong. A 
slaver was taken by a ship of which ho was gunnery-lieutenant* 
It had to be destroyed, as it could not be sent to 2 )ort. It was a 
nice “ innings ” for him to have a day’s practice to sink the ship. 
The slaver was anchored 200 yards from the steam-frigate, both 
ships rolling from 5° to 10°. The vessel was tired at with 
C8-pounders and 10-inch guns. He antici 2 )ated that it would be 
possible to sink it at once, but the frigate expended the entire 
allowance of ammunition without sinking it after all ; it was not 
possible to get a shot in between wind and water, and it wasi 
found necessary to take gunpowder on board, and blow the vessel’s 
side out. In olden days when ships fought under sail, there wa» 
the question of weather-gauge. Ships were then always under 
I)ressure of sail, and they heeled over, the lee shij) had the weather- 
bends thoroughly exposed to the fire from to windward of the 
numerous guns carried by ships of those days. The guns perhaps 
could not be aimed as accumtely as those of the present day ; but con- 
sidering that there might be fifty or sixty guns peppering away at 
a ship’s weather side, the chances were that some of the shots would 
enter below the water-line, and even then the vessel need not 
necessarily sink immediately. It seemed to be implied that those 
on board ship had no means of pumping the water out, or 
taking steps to keep the ship afloat, supposing she should be 
dangerously wounded. The other point was the personal error of 
the firer in taking a snap shot from one rolling ship at another* 
Altogether, he considered the risk to a shij) from the penetration 
of projectiles at the water-line had been very greatly exaggerated* 
There was a point referred to at p. 21 of the Paper in which ho 
could not agree with the Author. “ It is not a naval question, in 
the first place ; it is one of engineering science. It must be 
remembered that civil and mechanical engineers have originated 
all improvements in the types of ships, including the introduction 
of steam ; of the screw ; of iron and steel in their construction ; 
and of the use of armour.” He would quote only a few lines that 
appeared a week or two ago in a journal which took another view 



ProceodingB.] DISCUSSION ON ahmoue foe ships. 


39 


of the subject. “ Seionco, with her Esual pedantic imbecility, Admiral Boys. 

has been building ships for some time under the inspiration of 

algebra, and with an utter disregard for certain simple practical 

considerations. The sea after all is a very rough roacl at times, 

and knocks about whatever goes upon it without mercy.” He could 

not agree that the question was not a naval one. The naval officer 

was as necessary to the engineer as the engineer was to the naval 

officer, and the two could not be dissociated. The screw was the 

invention of a naval officer, Captain Smith ; at any rate it was 

introduced into practical use by him. It was at the suggestion of 

naval officers that many of the improvements introduced had 

been made, and he believed it would continue to be so. The 

Author had stated that lie felt satisfied “that if such a body 

as the Council of this Institution had been consulted in 1868, 

1871, and 1875, dates wlicn naval ordnance was in a crisis, 
and under serious debate, it would not have happened that 
the question of breech-loading would have been kei)t closed from 
1866 until 1879.” lie would appeal to any naval officer, if, 
during that time, the muzzle-loaded rifled guns were not per- 
fectly efficient. The greatest artillerist of the day, who was one 
of the brightest ornaments of the Institution, and who did more to 
reform gunnery than any living man. Lord Armstrong, though he 
had first instituted the breech-loading gun, reverted to the muzzle- 
loading gun, and made it a serviceable weapon. Ho did not say 
that ho w^as at present an advocate for returning to muzzle-loading 
guns ; but at tlie time he referred to they were certainly the best 
obtainable, and it was tlie introduction of slow-burning powder 
requiring long barrels w hich could not be loaded inside the ship 
that had led to the jjresent breech-loading system. The muzzle- 
loading guns were, on account of strength and simplicity, the most 
suitable for any naval operation; they wTre accurate enough, 
penetrating enough, and w^ero rapid enough in firing, and there 
was at that time very good reason for adhering to them. He 
differed from Captain Fitz-Gerald as to the tactics of smaller 
vessels in competing with largo ones. The ram of a vessel of 
3,000 tons, going at 8, 10, or 12 knots an hour, was quite sufficient 
to destroy the biggest ship that wras ever contemplated. As to 
the class of ship proposed by the Author. In action, there must be 
four or five of those ships to compete with one of the larger new' 
ships. With respect to the ram, one w'as as good as the other. He 
would, for the sake of illustration, call the large one “ Goliath,” 
while the four smaller shij)s might be called “ Monday,” “ Tuesday,” 
“Wednesday,” “ Thursday.” By a preconcerted arrangement, and 
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httlX Boys, as a point of honour, it should be agreed between the four ships 
that on whatever day of the week an action might bo brought on, 
if, for instance, on a Monday, the ship called “Monday*' should 
run any risk in order to hamper the movements of the “ Goliath,’* 
if necessary to get across her bows to be rammed. He maintained 
that even a 14,000-ton ship with one of 3,000 tons hanging to her 
stem must be stopped ; then the “ Goliath would be at the mercy 
of the other vessels “Tuesday,’" “Wednesday,” and “Thursday,” 
to ram her on either side. These were the main arguments in 
favour of numbers, as proposed by the Author, against size. 

White. Mr. W. 11. WiIiTE observed that when Sir Nathaniel Barnaby 
spoke on such a subject as that under discussion, everything ho 
said mu^ bo listened to with respect. When a man had spent forty 
year^ 6f his life almost entirely in endeavouring to strengthen 
tho^^avy by the addition of efficient ships, and when he had often 
^ fb keep his mouth shut when anything but fair attacks had been 
made upon his professional work, clearly when he came forward in 
public, and gave his views upon the past, present, and future, 
all were bound to attend to him. He was the more careful to 
say that at first, because, nearly all that he was about to say would 
be in the sense of differing from the Autlior. AVhen the Author 
came forward, it was to be assumed that he came for the purpose of 
l^rovoking discussion, and of getting as far as possible the opposite 
points of view clearly stated. First he wished io take strong 
exception to the historical “ jdiases ” represented in the diagrams. 
And he did so for this reason. On reaching the year 1880, there 
was a change in the tyi>e of ship. The “Gloire,” to begin with, 
was distinctly a battle-ship; the “Marengo” in 1869 was still a 
battle-shi]!, and so was the “ Baudin,” in 1880. After that time 
the battle-ships were conspicuous by their absence, and they began 
again. It was not in tlie same sequence at all. Tlie scries began 
with a cruiser, the “ Tage,” built for a distinctly different service, 
and the “Tage ” developed into the “Dupuy de Lome,” again a 
cruiser. Of course it might be said that that was merely playing 
with names, and when ships of 7,000 tons were built, to talk of 
them as not being battle-ships was incorrect. He did not wish to 
bandy words about it, but he would put the case as it presented 
itself to him. There wus now building in Franco a battle- 
ship, the “Brennus,” and if that vessel had taken the place of the 
“ Tage,” at the date of 1887-8, there would have been altogether 
a different condition of things. lie of course knew more than ho 
could say about the “ Brennus,” but taking what had been pub- 
lished about the ship, it had a thick armoured belt and strong- 
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armoured gun stations, and the question of protection of the side Mr. White, 
above the thick-armoured belt was one which he believed had not 
yet been definitely decided. That led him to a point which he 
desired to make most clearly, namely, that in discussing the 
matter a distinction must be kept between battle-ships and 
cruisers. He had no doubt that if Captain Fitz-Gerald and other 
gallant officers found themselves in vessels called cruisers, and 
came across a vessel called a battle-ship, which, because of size, or 
some difference of construction, they thought they could safely 
engage, they would do so. But that was not the point. The point 
was, that there were afloat in other navies certain great ships 
possessing features which could only be attained in ships of largo 
size ; other nations had been and still were producing battle-ships, 
and the question was, how could those vessels fairly and with the 
greatest certainty of success be met on equal terms ? He did not 
say that numbers should not be developed and many cruisers 
built ; but the point he was trying to make was that it was 
unwise on any mere a jpriori argument, obtained even from the 
highest source, to be content to rest the defence of all that was 
most valuable to the empire upon ships which were individually 
and distinctly inferior to those possessed by other countries. If that 
principle were admitted as tlie principle on which the Admiralty 
policy should proceed, it would be seen that there was room enough 
in the Navy for battle-ships and cruisers, and he wished to point 
out that in the Admiralty programme which was now before the 
country, and whicli included seventy ships, there were only ten 
that came into the category of battle-shi2)s, eight of them being 
very largo shii^s, of wliich so much had been said, and two vessels 
of more moderate size. Sixty out of tlie seventy vessels belonged 
to the class of cruisers. Nine of them would be large cruisers, and 
approximately the same size as the “ Tage,” but swifter, mor<' 
heavily armed, and better j^rotcctcd. Thirty-three would 2:>robabl;v' 
be vessels of about the same displacement as tlie design exhibited 
by the Author, and the remainder would consist of smaller swift 
torpedo gun-boats. In view of the almost absolute want of 
experience in naval warfare under modern conditions, was it not 
unreasonable tliat this country should proceed on any merely 
doctrinaire course, ratlier than tliat in tJie creation of its nev' 
modern fleet it should have all classes of ships represented ? He 
would pass by for the present any consideration as to whether the 
designs were what they should lie — the best that could bo produced ; 
on that point ho would say a word further on. The question was 
whether, as a matter of policy, so much being unknown, it was 
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Wliite. not the -wisest and best thing to provide against all risks. At the 
risk of repeating what he had recently said, and in order to com- 
plete his remarks, he desired to state in the briefest way what were 
the principal advantages belonging to increase in size. Captain Fitz- 
- Gerald had referred to one, namely, the maintenance of speed, and 
of that there could be no doubt. Then there was a further and 
very important thing — steadiness of gun-platform, of which also 
there could be no doubt. Then there was the enormous increase in 
the power of concentrated attack wliich came from having a large 
armament carried in a single ship under a single direction. 
Further — and that was the point often overlooked — there was the 
fact that a large ship was much less likely to bo destroyed or put 
out of action by a single heavy attack, whatever form it might 
take, than a small ship. It w'as conceivable that a single heavy 
shell bursting in the vessel proposed by the Author might make 
it unworkable, isotwithstanding the packing material and the 
under-water deck, a single heavy shell exploding therein with 
such explosives as were now known, might for all fighting 
purposes destroy the ship, but with a ship that was very much 
longer and very much larger, and which liad its armament very 
much more widely distributed, clearly the risk of destruction by a 
single heavy attack was greatly reduced. lie believed that in 
fortification the doctrine that ho had tried to illustrate took tho 
form of saying that a large- place was a good place to defend. He 
thought that those points for tho large shij)s were clearly points 
that could not be ignored. Of course, tlicy must bo paid for. 
Suppose that four or five ships could be built for the cost of one of 
the big ones : if what he had put forward w as correct, it did not 
matter whether or not four or five could be built for tho price of a 
large one. If tho largo one was necessary it must be constructed. 
What he wanted to present to tho meeting was tho idea that for 
the English there was no necessary choice between the two alter- 
natives. It was sometimes put to them as if their finances had 
run so low that they must multiply small ships and could not 
afford big ones. He did not consider that tliat w^as the real 
condition of things. There was room in the Kavy, with its 
great range of duties, for all classes of ships, and there might 
even be room for the class suggested by the Author. In 
criticising the design he was quite sure that the Author would 
take in good part what he was about to say. To his mind 
there could be no defence whatever for putting a protective 
deck in a ship of war wholly under water, because, for all 
practical purposes, the bringing of the deck above water did 
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not sensibly increase the risk of its being directly attacked ; but if Mr. White, 
it was put entirely under water, clearly the space contained below 
the protective deck in no sense assisted the maintenance of buoyancy 
and stability, when the upper works were damaged in action ; the 
maintenance of these qualities dei)ended chiefly upon wood or 
woodite packing above the deck. Further, he conceived it to bo 
a doubtful principle, notwithstanding the high authority which 
recommended it, to put relatively large weights into the form of 
packing material which added little or nothing to the defence. 

The woodite, according to the Author, weighed from 4 to 5 per 
cent, of the displacement ; tliat must mean about 140 or 150 tons 
weight put into the woodite for the single jmrpose of protecting 
the buoyancy and the stability w ithin moderate angles of inclina- 
tion. Suj)posing the protective deck to be elevated, as was now 
almost universally done, so that it came above the water-line, for a 
considerable portion of tlie length of the ship the need for the 
packing material was reduced without prejudice to the maintenance 
of buoyancy and staljility. Supposing further that the same weight 
which was put in the x)acking material was put into coal, there was 
a defence which, as was well known from experiment, was of 
enormous value against many forms of attack ; the coal was a 
usable material in tlie sliij), and it might happen that the possession 
of that additional coal in such a ship w’ould mean the fulfi.lment of 
a duty that would otherwise bo impossible. His opinion, there- 
fore, taken for whatever it might be worth, was entirely adverse to 
the adoption of a type of ship which depended for flotation upon 
packing material which was not in a usable form like coal, and 
which added but little or nothing to tlie defence. And it was to 
be noted that in some foreign navies, wdiero the opposite rule had 
been adopted a few years ago, a change liad been made in the later 
ships in the direction he had indicated. The Author in his Paper 
had not made any allusion to the Admiralty designs, but of course 
it was impossible to discuss the question without referring to the 
designs which were now before the public. {Sir Edward Keed, in 
opening the discussion, distinctly did not avoid reference to those 
designs, and ho therefore hoped that he should be in order in making 
a few remarks on this sulject. The objection made to the designs 
for the large battle-ships had taken this form, that the ships were 
too large and too costly, and had too much armour according to 
the Author’s view, and that according to Sir Edward Heed’s view 
they had not armour enough. IMight it be permitted to those who 
had to do with the designing of these battle-ships to hope that 
between two such authorities they had struck the golden mean. 
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He spoke simply as representing the Admiralty, which, as was well 
known, had not proceeded lightly on the course that had been 
followed. Never in the history of the Navy, as far as he had 
known it, had there been more careful or even as careful delibera- 
tion given to any question. The magnitude of wliat was contem- 
plated had been fully understood and appreciated, and the country 
was in the position of knowing what had been done by the papers 
that had been presented to Parliament. Sir Edward Heed had 
said, and Mr. White distinctly challenged the assertion — “All 
inquiry was denied ” about the new designs, “ and that millions 
were about to be expended upon the designs of a gentleman who 
was an apprentice when Sir Edward Keed was Cliief Constructor, 
and who, with all his ability, might possibly be very beneficially 
restrained by the bringing of other minds independently and freely 
to bear upon the subject. Millions were to be lavished upon these 
hole-and-corner designs.” “ Hole-and-corner designs ! ” Designs 
prepared after months of consideration by the Board of Admiralty ! 
Designs which were submitted to and selected by such a meeting 
of experienced naval officers as had never been before summoned. 


Designs which he had recently described in jmblic in the ])re8ence 
of Sir Edward Peed, challenging him to justify any of his 
criticisms on their character. He would leave it to the Institution 
to judge if such a description as “hole-and-corner designs ” applied 
to a course of })roceoding in w'hich the Admiralty had taken the 
only means of publicity in its power, and had brought to its assis- 
tance the best naval advice it could obtain. Perhaps he might 
be permitted to add one word on the personal reference wdthout 
offence. Ho had always thought tliat it was the i)rivilego of 
Members of tlio Institution among whom ho had tlio honour to 
number himself, that biographical notices should bo reserved till 
they became obituary. Sir Edward Peed had done him the honour 
to bring to the notice of the Institution the fact that he was once 
an apprentice. It was perfectly true, and he was delighted to think 
that It was true. He thought that all who went in for applied 
smence were the better for knowing the use of tools. But ho might 
also ^d that he was not so young as he once was, although he 
should never, during Sir Edward Eeed’e lifetin.e, bo as old as Sir 
Mward was -With all Ins rapidity, he could not overtake the start 
hich Sir Mward Keed had attained by the accident of birth. 
Bnt for twenty-two years he had been continuously engaged in that 

thonrf,7 designing and building ships, and ho 

^ say without egotism, that ho had had special 

opportunities of acquiring information, and he hoped in the public 
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interest that he might prove capable of usefully applying informa- Mr. Whita. 
tion so gained. With that remark, he would pass away from 
the personal reference, and simply say that, at the Institution of 
Naval Architects, he had dealt w’ith every point of a technical 
nature which had been raised by Sir Edward Reed ; that he had 
dealt, he thought, to the satisfaction of the members i>resent, witli 
all those points, not as matters of opinion, but as matters of 
fact. With reference to what Sir Edward Reed had said in regard 
to the coal supply, that given to the new designs was determined 
by the Board of Admiralty, and was in excess of that of nearly all 
the battle-ships afloat in tlie English Navy, and greatly in excess 
of that of nearly all battle-ships of foreign navies, lie wished to 
say one word as to the liistory of a design in tlie Admiralty, liecause 
he should extremely regret that a matter of public imj^ortance should 
degenerate into anything of a personal nature. The naval members 
of the Board, having Ijefore them existing types of sliips, desired 
to embody in some new ship certain features of armour, armament, 
speed, protection, and coal s^ppl5^ Those features having been 
decided upon, it became his business, as the responsible naval 
architect of tlie Admiralty, to embody them as best he could in a 
ship that should \>o seawortliy, habitable, and capable of attaining 
the speed and traversing the distances which the Board of Admiralty 
decided upon as desirable. To speak, tlierefore, of millions of 
money being lavished upon his designs under these circumstances 
was, he thouglit, sc‘areely a complete description of wliat happened. 

The designs wliich liad licen adopteil, it could not l>o too often 
repeated, had lieen most carefully selected by the most experienced 
officers of the Royal Navy, both at the Admiralty and elsewhere ; 
and, whatever might be tlicir merits or demerits, it was not fair or 
correct to describe them as emanating from his brain, or to attri- 
bute their existence to any initiative of his own. He need say no 
more about those great ships, except to add that he was certain 
that even the Author, with liis recommendation of smaller ships, 
less costly, and less armoured, would admit that the addition 
of those large ships to the Navy must greatly increase its force. 

With regard to cruisers, he must again differ from the Author with 
great respect. When ho spoke of the defence of the mercantile 
marine, and appeared to recommend, on the authority of Mr. George 
Rendel, allowing tho mercaiitilo marine to take care of itself, 
he overlooked tho fact, that, in foreign navies, there were great 
numbers of specially designed men-of-war cruisers which had 
to be met by something. lie agreed with everything the 
Author had said about tho desirability of arming and using 
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th© splendid merchant steamers which the country possessed, 
whenever circumstances of war should arise. It was a per- 
fectly distinct question what these vessels should be used for; 
how best they could be employed was a matter that would bo 
decided when the time came ; but he was convinced that there 
would be work enough found for the greater number of them 
without expecting them to take the part of improvised cruisers 
belonging to the Eoyal Navy. But if they should bo so employed, 
the question to be asked was, were these vessels expected to meet 
the men-of-war cruisers of foreign navies ? Was it to be expected 
that the very best of those vessels would be capable of staying to 
fight, on anything like an equal chance, a vessel built specially for 
the purpose of fighting, a vessel such as the “ Tage ” or the 
“ Dupuy de Lome ” or the “ Cecile ” ? Why had those vessels 
been developed in the French Navy? why had the armour-clad 
construction of the French Navy been almost standing at pause, 
while money had been spent and every eifort urged on to complete 
such vessels a« those? Simply because, as was perfectly well 
known, it v’us no breach of official confidence, for it could bo read 
in the French newspapers, the idea which the French authorities 
had in their mind was to use tliose vessels, in time of war, to destroy 
English commerce and the mercantile marine. How were they to 
be met, if in the English Navy there were not to bo found vessels 
equally fit to fight and certain to overpower the French vessels, if 
they met them ? How was that to })e done, unless tJie Englisli also 
constructed large and swift cruisers powerfully armed ? The Author 
had referred to the fact that cruisers of 9,000 tons were being built 
for the Eoyal Navy. Ho thought the country had good reason to 
rejoice that that was the fact. The vessels now being built the 
« Blake” and the “Blenheim,” if they fulfilled the intentions 
of the design, would bo superior in speed, in coal, endurance, and 
in fighting qualities, to any vessels existing in the French Navy, 
Md surely such a fact as that was one which justified their existence. 
Then as to their being so large, he could not help saying, that 
he thought the Author knew why they had become so large, why 
the “Blake was a vessel of 9,000 tons? Because it steamed 
22 knots an hour and had a weight exceeding 1,800 tons assigned 
to ^al and disposable weight, independently of armament and 
equipment. The load of protection, armament, equipment and coal 
closely approached 4 000 tons. If the Admiralty were content 
to ^ve up speed If it were content to let vessels ihat were being 

catch them, then it could reduce size and save money ; not a saving 
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to the country on the whole perhaps, but a saving in one direction. Mr. White. 
Passing from those somewhat controversial matters, he would refer 
to a subject which was strictly germane to the Paper, and in which 
he happened to have a special interest, and certainly some special 
information ; he referred to the subject of the manufacture of 
armour, and to what had been lately done in this country in the 
development both of steel-faced armour and steel armour. Nearly 
three years ago ho was informed in the public press that he 
was an obstructive. That was not the first time, but it then 
happened that ho was again declared to bo an obstructive. The 
subject was armour, and ho was obstructive because ho was 
said to be still recommending to the Admiralty the continued 
use of steel-faced armour, and was blindly shutting his eyes to 
the magnificent res\ilts wliich were being produced at Creusot. 

Safety was only to be liad by giving orders for armour to the 
establishment at Creusot. Englisli steel-makers had l>een left 
beliind, and tlie Frencli were liead and shoulders above them. 

But ho believed that if English steel-makers were given a chance 
they would prove that their hands had not lost tlieir cunning, 
and that in England armour could be produced, vliatever it might 
be made of, that should be as good as any made abroad. lie was 
glad to say that tlie view ho then put forward was approved by the 
Admiralty, witli the result that a series of experiments had been 
undertaken that had been in progress for more than two years, and 
had proved tliat England could produce steel armour as good as any 
produced abroswl — he believed better — and steel-faced armour, which 
was one of the grandest defences a ship could have. The Author had 
ailluded to those experiments, and particularly to the experiments 
made against the armour-plates supplied by firms at Sheffield whose 
reputation had been made in that branch of manufacture, firms 
which had done good work for the Navy, and had given as honest 
and true a defence as was possessed by any war-ships afloat. The 
Admiralty liad not only obtained from Messrs, trammel and Messrs. 

Brown splendid specimens of steel-faced armour to be used as 
standards, but those very firms had made steel armour of great 
excellence; and firms like Messrs. Tickers had produced steel 
armour in many respects of a marvellous quality. This showed 
clearly that if the need arose for reinforcing the possibilities of 
the recognized armour-plate Sheffield firms, the necessary resources 
were to be found in tliis country without going abroad. The 
question was not any longer one as between steel-faced and steel 
armour. Steel-faced armour in the trials had behaved magnificently. 

The trials had justified their practice up to date, and it was now 
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known that stool armour as well as stool-faced armour could bo 
used, and tho most splendid results obtained. Those plates had 
been fired at with projectiles made in Franco, and he did not know 
why, if the defence could be so satisfactorily accomplished, Fnglisli 
firms should not also make the means of attack. 

Sir Frederick Abel said it might seem to be the climax of 
presumption for a chemist to take part in such a discussion, but 
perhaps there might be some little appropriateness in the remarks 
of the Chief Constructor of Her Majesty’s ships being followed by 
some observations from one who had taken some considerable part 
in developing agents for the destruction of ships, and it was from 
that point of view only that he desired to say a few words, some of 
which would be words of friendly criticism. With reference to tho 
2 )oint in which he took the most interest, namely, the effect of shells 
against armour-clad ships, he confessed he came to tho conclusion 
that a naval man, in reading the Paper, must be somewhat 
puzzled as to what he was to expect from the effects of the so-called 
high explosives against those ships. The Author had stated (p. 9 ) 
that after the Italians had made some experiments with gun- 
cotton shells, “ English artillerists were endeavouring to i)erfect a 
delayed-action fu/e, so as to delay the bursting of the shell con- 
taining high explosives until after the armour had been 2 )crforated. 
Since then every Government apj)ears to have had experience, at 
the proof butts, of tho difficulty of making a trustworthy controll- 
able fuze for this imrjiose.” He then went on to say, “ Wlicn thi*^ 
fuze has been established, shells charged with high exjjlosives 
will come under control, because bellito and lyddite appear to 
be in themselves perfectly manageable.” He further stated that 
“ The French authorities have satisfied themselves that they have 
brought melinite under control. The introduction of 4-inch 
side-armour over the batteries proves this.” In looking for the 
proof he found it stated further on that “ it has been ascertained 
that a delayed-action fuze is not at present procurable, and that the 
shock caused })y 4-inch armour will explode shells with high 
explosives, fired from moderate-sized guns, on striking.” Then it 
was stated (p. 11) that “ Experiments have hitherto indicated the 
certainty that armour will be blown in by charges exploded against 
it, and that bursting charges with high explosives will be carried 
through armour probably 12 or 14 inches thick.” Those statements 
appeared to him to bo hardly reconcileable, and he should be glad 
to hear what the Author had to bring forward in the way of facts; 
as to how they could be reconciled. He might state it as a fact, 
however, that delayed-action fuzes were no longer a matter of* 
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theory — they had been actually developed. More than one Sir 
thoroughly reliable delayed-action fuze was now attainable ; and, 
if the effective application of high explosives depended only upon 
the provision of a thoroughly reliable fuze of that nature,"the naval 
officer might depend upon having, in the next war, high explosives 
brought with perfect efficiency to bear even against thick armour. 

But it was known, on the other hand, that the provision of such a 
fuze was not the only element in the successful application of high 
explosives to the destruction or penetration of armour-clad ships. 

The Author had pointed out that 4-inch plates would cause the 
explosion of high explosives when thrown against a ship in the 
form of armour-piercing projectiles. It was true that he stated in 
another place that they woTild be carried through 13 or 14 inches 
of armour ; but, as a matter of fact, it had been shown that 4 inches 
of armour could cause the oxjdosion of armour-piercing shells 
containing high explosives. He would venture, however, to caution 
constructors, as well as naval officers, against drawing too rash a 
conclusion from that fact. It had been already proved by ex- 
periments that 4 inches of armour would not always keep out high 
explosives — that such armour could be penetrated by armour- 
piercing projectiles which would carry the explosive charge through. 

Not only that, but still further progress had been made, and 
similar results were now obtained against 6-inch armour. Chemists 
were only on the threshold of the application of high explosives, 
and he ventured to think, therefore, that it would be necessary to 
exercise very considerable caution before laying down the rule 
that armour even exceeding G inches in thickness, whether steel- 
faced or steel, would of a certainty keep out high explosive shells. 

Captain Orde Browne said, a fact on which it had been very Captain Orde 
difficult to get information had been now stated, namely, that shells 
charged with high explosives might penetrate 6 inches of iron, and 
that it was desirable that vessels should be divided into two classes, 
battle-ships and cruisers. Did not the question consequently arise 
whether armour ought not to be treated in two different ways? 

A cruiser carried armour that might allow a high explosive to 
pass into the interior much more easily than a battle-ship, for 
it might probably be a long time before a high explosive could be 
got which would pass through 18 inches of armour such as the 
battle-ship carried. The cruiser, as he understood, was intended to 
carry on a fight only for a short time. He did not suppose it 
would be expected to engage a land fort, for example, under 
ordinary circumstances. There were cases in which a line-of- 
battle-ship might have to do that. He believed the Author 
[the INST. C.E. VOL. XCVin.] £ 
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NIpMii OyAe ooBBidered tids to be a total misuse of ships, but such things would 
sometimes happen. If distinction were made between the two 
classes, did it not follow that a harder class of armour should be 
provided for the weaker ship in order to make sure that it should 
keep out or break up a shell with a high explosive under any 
circumstances ? The first object with the cruiser was to be sure 
to preserve it from a shell with a high explosive entering inside and 
then bursting; and he believed that was to be done by hard armour, 
at the expense, no doubt, of what had never before been allowed in 
this country, namely, the plate breaking, and being held up to a 
certain extent by bolts behind. He had heard Mr. Yickors speaking 
of the two plates he had submitted for trial, one harder and the 
other softer, and saying that he did not know which was best. 
The question was, what for? If the plate had such a thickness 
that without doubt it would stop perforation, and that impact of 
shells was expected to happen again and again, then, of course, the 
- softer the better. If a weak ship was to bo exposed a short time, 

the great object was to make certain that no high explosive should 
get into the interior. Was it not worth while to allow armour to 
break to pieces, if it were thereby made certain tliat it would keep 
high explosives out? In this country it had been continually 
insisted that the back of the armour should bo very soft, because, 
unless it was very soft, whatever theoretical power of extension 
as well as tenacity it had, it would not extend, but would break. 
The Admiralty had insisted upon its extending as much as possible, 
and upon its breaking as little as possible at the back, and the 
result had been that the plates had necessarily been soft at the 
back. He was, therefore, anxious that experiments should be 
made with a harder class of armour with a view to those thinner 
clad vessels which were now found to be open to the entrance of 
shells charged with high explosives. 

Martcll. Martell said ho merely rose to ask a question. The 

Author had made a statement (p. 19) which he thought, unless 
some further explanation wore given, might be misleading. “ The 
most successful plate,” he said, “ over fired at in England or else- 
where, so far as the Author can learn, is shown in Figs. 5 and 6. 
It is a steel-faced plate, 10.^ inches thick, manufactured, according 
to their process, by Charles Cammell and Co., and attacked by 
6-inch forged steel shot of 100 lbs. weight, and having a muzzle 
velocity of 1,976 feet per second, and a striking energy of 2,723 
foot-tons. The same firm manufactured, at the same time, a steel 
plate. Mr. Wilson says it is ‘ the first steel plate which has ever 
withstood such a severe test without breaking up,’ and that certainly 
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it has proved mucli superior to any plate manufactured at Creusot, Mr. Martel. 

which has been subjected to artillery fire.” Seeing that the subject 

was of national importance, and that manufacturers had been 

devoting their enterprise and investing an enormous amount of 

money in perfecting the best steel armour-plates that could be 

produced, it was greatly to be regretted that the Author had not 

mentioned all the experiments, referred to by Mr. White, that had 

been made by the Admiralty, with jdates manufactured by the 

various firms throughout the country. The plates manufactured 

by one steel manufacturer alone had been expatiated upon, while 

those produced by other manufacturers for the same purposes 

were not even referred to. Considering the high position occupied 

by the Author, it might almost bo considered an act of injustice to 

those who had comjjeted to find that no allusion had been made to 

their plates. He had seen official reports of the experiments, and 

he should like to ask whether the Author had seen any official 

report bearing on the subject, so as to be sure of tlie accuracy of 

his statements. In one of the reports allusion was made to a steel 

plate that had been experimented upon at the same time. Five shots 

had been fired at a 10^-inoh jdate by the French shells, to which 

Mr. White had referred. He shared IVIr. White’s surprise that the 

French should have been called upon to make shells to fire at 

English armour-plates. Two of the five shells were cast-iron, and 

they crumbled into pieces on striking the armour-plate ; the other 

three, which were steel, made an indentation to a certain extent, 

but, to show the tenacity and the resistance of the armour-plate, 

they rebounded so that they struck the shot-guard some 20 feet 

distance, and rebounded back again to the steel armour-plate. lie 

wanted to know why it was that no information had been given by 

the Author on that subject. 

Mr. W. H. White said that the question was not one which Mr. White, 
the Author could answer. The facts were simply these: The 
Admiralty, in entering upon the experiments, gave to each firm 
that submitted a plate the guarantee that it should bo fired at 
under the same conditions, and that the firm sliould have the 
report on its own plate. Although Mr. Martell was no doubt 
accurate in his statement that ho had seen a copy of one report, that 
would be owing to the action of the jiarticular firm in question. 

Mr. B. Martell hoped the Author would use his influence to Mr. Martell. 
obtain a copy of the official report for the good of the country, in 
order that a proper comparison might be made of the experiments. 

When the manufacturers of the country were incurring such an 
bnormous expense, and striving so much to arrive at the perfection 

£ 2 
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ot armotir-plating, everything should be done to encourage them, 
and at least put them on a fair footing with each other. When 
such statements were made as those put forward by the late Director 
of Naval Construction, they would have an enormous effect through- 
’ out the country, and would not, it was thought, appear fair to those 
who had entered into the competition. 

Itobbins. Mr. E. Bobbins said he had come to the conclusion that, in 
order to meet all requirements, a new departure was essential. 
Instead of steel plates he had formed the idea of having inter- 
woven bands, held on not so much by rivets as by an elastic 
binding concrete. The bands would be combined with wood and 
metal, and would form an elastic body which would throw off 
shot. 

oiral Admiral J. H. Selwyn remarked that the Paper appeared to 

touch almost every question known to naval architects and engineers 
who occupied themselves with ships or guns. He would not refer 
to all the points, but would only mention six in which he thought 
they were still behind in scientific work. There had been an 
enormous amount of rule-of-thumb work, which consisted in a 
system of trial and error on the large scale, and sufficient attention 
had not been paid to the scientific bases of action. It was now 
generally agreed that long-continued speed was an absolute ne- 
cessity for all ships, and in order to get that (even more valuable 
for cruisers than for battle-ships) strong boilers were wanted. But 
were the boilers strong? An advance had been made during the 
last five or six years in compound engines, though, unfortunately, 
ship-owners had been persuaded that the essence of the wljole was 
in the engine and not in the pressure on the boiler. He had 
known a high-pressure boiler, one of the much-abused boilers of 
the “ Wanderer ” on Mr. Perkins’ principle, which had since been 
at work for eight years, day and night, at 350 lbs. pressure, which 
was tested at 2,000 lbs. on the square inch when made, and 
which was to-day capable of taking 600 lbs. pressure without 
injury. He considered that no proper boilers would be constructed 
as long as that part of the subject was not closely investigated. 
Without those high-pressure boilers neither a high economy nor a 
high speed could be attained. That high speed to be of value 
should not be produced by a puff of forced draught ; it should bo 
produced over a long time. To get that, the use of concentrated or 
fluid fuel was wanted. He had been long at work on that subject. 
He was delighted to see some progress in armour ; but it had only 
proceeded from solid steel and solid iron to sandwiched steel and 
sandwiched iron. It had not proceeded on a well-defined scientific 
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basis. He was glad the Author saw his way, if only money enough Atoiral 
was given, to produce vessels which could not be sunk by shot, 
torpedo or ram. Sir Edward Reed asked the question whether it 
could be done with many torpedoes, many guns, and many- rams ; 
and he did not think that that question had yet been answered. 

The nearest approach to it would be when the whole power of the 
engine could be devoted as well to X3umping out the ship as to 
j)ropulsion. Strong and far-reaching guns were also wanted. He 
had made it his business to look into the subject of wire guns, and 
a question had been asked in Parliament on the subject. Engineers, 
he thought, would be surprised to hear that so long ago as 1884, 
the Ordnance Select Committee^ recommended a riband-gun as 
having demonstrated comj)letely the durability and the reliability 
of the wire system for very high pressures ; the guns having been 
made, not by Mr. Longridge, but by other persons after they had 
found out that the rule of thumb was of no good, and that his 
formulas were valuable. A wire-gun at Woolwich fired a shot 
12 ^ miles without any injury, at an angle of 40 °, and with a charge 
which was nearly double that which the 9-inch gun of the same 
calibre, a service-gun, could x)ossibly have stood. Why that gun 
had not been brought forward he did not know. He believed that 
the system of wire-gun making would be brought forward some 
day as a commercial manufacture on account of its extraordinary 
cheapness and durability. No proper result would be obtained 
from strong 'guns without strong powder. So long as cubes of 
powder were used, many of which would not burn even after they 
got to the muzzle, and at niglit were seen burning afterwards, 
which also tended more to erode the gun than any gas, so long 
scientific princijiles would not be brought to bear on the question. 

With regard to the six points to which he had referred, everything 
that was desired could be done in resjiect to number one by Perkins* 
boilers ; to number two, by concentrated fuel ; to number three, 
by a scientific construction of armour ; to number four, by hydraulic 
propulsion ; to number five, by wire-guns ; and to number six, by 

^ The 'words of the O. S. C. -were : They do not propose to canry out any 
further firing trials with this gun with its present tube ; and they are of opinion 
that this trial has shown that the system of wire construction is one suitable 
for heavy guns, and that it may be deiiended on to withstand very high 
pressures.” — Reports of the O. S. O., vol. xxiii. p. 141, and Appemdix III. This 
was on the 31st of Oct., 1884 ; but the inventor of the wire-gun system was 
not informed of the conclusion, nor had ho oven now received any recognition, 
neither did any report show what eventually became of this particular 21-ton 
10-inch gun except that it had a new tube and was fired again, and it was 
known that wire-guns wore still being experimented with. 
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Atoiwl petfeot combustion, as Colonel Brackenbury bad called it, of the 
spirit of artillery or good, strong, gunpowder.” With reference 
to the subject of armour-plating, the Author had stated that 
Mr. Alexander Wilson was the inventor of compound armour. In 
1870, Admiral Selwyn first drew the attention of naval architects 
to the construction of armour on the analogy of the anvil. He did 
not know whether sandwiched armour might or might not have 
been invented before, but sandwiched armour never could do what 
properly constructed armour would do. He was not ambitious of 
claiming priority of invention in compound armour as now made ; 
but he maintained that a most important investigation was now 
possible, based on experiments which had given a cone of dispersion 
that had sufficed to sj^read the im2)act of j)erhai)s 9 or 10 inches 
diameter over a diameter of 48 inches, making a bulge at the back 
of the plate 2 inches deep which had crushed uj) the oak behind it, 
but so sj)read tlie number of tons force received on the point of 
impact over a larger area of 48 inches in diameter, instead of 
9 inches or as 63-6 to 1,809*6 square inches, as to bring it down to 
not much more than 7 tons on the square inch on the oak backing 
of the armour. That was a magnificent result ; but the plate 
cracked in consequence of its not being properly proportioned, and 
what ho urged on tiie engineers was the question whether the 
most important molecular movement of the steel particles was not 
more valuable than any great thickness of steel face, or of wrought- 
iron backing. The plates now made by Sir John Brown were, 
according to the Ordnance Select Committee, a little different from 
what the Author had described, being made by wedging, 4J inches 
from the back of a 16-inch plate, a steel face supported partly 
round three sides, and pouring the cast metal in between the two 
from above. That cast metal had been brought to such a heat 
that it united both with the steel face and with the wrought-iron 
back, and the result on its being fired at with a Holtzcr or Firminy 
armour-piercing shot was such a cone of dispersion as he had men- 
tioned ; and which ought to show one of two things — either the 
steel particles had separated from each other entirely in their 
descent through an average of 2 inches over 48 inches of dia- 
meter, or they were in perfect cohesion. In one case, the steel 
could be no longer steel, but powder ; and, in the other, it would 
be evident that great molecular movement could take place 
amongst the steel particles without disruption, and a great absorp- 
tion of force, or “ shot work,” in that manner be obtained, making 
it possible to have much stronger armour with much less weight, 
and probably at considerably less expense. 
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Admiral Sir George Elliot was a supporter of the views of the Admiral Sir 
Author to a large extent. He did not propose to dilate on the®^^®^ 
subject of the Papers that had been written, but would content 
himself with offering a few remarks, from a tactical poilit of view, 
with regard to the character of this new design. He considered 
it a most valuable novelty in the designs of ships of war, and one 
upon which the efficiency of the future fleet of the country, and 
indeed the safety of the Empire, depended. He looked upon the 
question of a battle-ship solely from the point of view of a great 
fleet action. If any attempts were made to depart from that view, 
and it was endeavoured to give a battle-ship other qualities, its 
fighting efficiency would be to a certain extent lost, and the 
battle would bo tliereforo hazarded when it arrived. The object 
should be to gain a victory. The fate of the empire would pro- 
bably depend upon the result of some great fleet action, and not 
upon fights between squadrons. Decisive battles would be fought, 
not between two different powers, one of which was striving to run 
away, but between two powers that had come out on pur 2 )ose to 
fight. That had always been the case, and it ever would be. So 
far, therefore, he differed from the Author, although he quite 
understood that he had been pressed into giving his ship the 
speed he had given. A battle-ship did not require a 17 -knot speed, 
a 14-knot speed was amjfle ; it would give a certainty of a 10-knot 
speed in battle. That was all that was required, and all speed 
given beyond that was so much loss in fighting power, and so 
much risk of losing the battle when it took place. The new 
14,000-ton ships were designed for 17 or 18-knot si)eed, but if 
they were built for 14-knot speed they would have a far greater 
armour protection, and far greater safety and efficiency in battle. 

It was said that great speed was required in case the enemy, when 
sighted, should try to run away. In olden times, when an enemy 
was sighted, the frigates were let loose like greyhounds, to attack 
the rearmost ships of the fleet and bring on an action, and owing 
to many causes there would always be sluggish ships in every 
steam fleet. Nowadays cruisers should be made as swift and 
powerful as possible, and he, for one, should not object to see the 
first-class cruiser with 14,000 tons displacement, because battles 
between single ships or small squadrons would always be fights 
in which the gun would predominate, and in which the ship 
could escape from the ram and torpedo. The Author had spoken 
of unarmoured ships being combined with a battle-fleet, and 
therefore having to run the same risks as the battle-ships. He 
denied that altogether. The cruisers that would be attached to 
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SM &€• tlie fleet would form a separate squadron, like frigates of old, 

^ and would be kept out of action until the opportunity occurred 

for their coming and rendering assistance, probably to the crippled 
ships of their own country ; but they would not be placed in the 
line of battle. It was impossible to go into this question, which 
was a very large one, as fully as it ought to be dealt with, without 
trespassing too far on the patience of the meeting, and he would 
eonflne his remarks to those which he could perhaps best offer as 
a tactician. The whole question was, whether the gun-power was 
to be concentrated in one vessel, or divided between a number of 
vessels, thereby multiplying the units of a fleet, and reducing the 
risk of great disaster ? He was not prepared to say that ho would 
now hold to the size of the ship that had been brought forward ; 
but, taking the ship altogether, ho thought the Author had done 
everything in his power for a ship of that size. For himself, he 
should be inclined, for reasons that he would state, to advocate a 
vessel of twice the displacement, as the limit of the size of the 
battle-ship of the future. In that way he would have two ships 
of 7,000 or 9,000 tons for one that the Admiralty was going to 
build of 14,000 tons. That would enable him to make the pro- 
tective deck sufficiently thick to ensure safety to the magazines 
and boilers. The vessel should be of deep draught, in order that 
the armoured deck should bo as horizontal as possible. If the 
vessel was of shallow draught, height being required for the 
engines, a turtle deck became necessary, thus making it more 
easily penetrable by shell. lie should like to seo a 6-inch steel 
deck horizontal, which would prevent the penetration of any shot 
from any gun that was carried. The great fault that he had to 
find with the Admiralty design was the want of recognition of 
the destructive effects in a fleet action of the ram and torpeda 
He believed that in the first great battle at sea more ships would 
be destroyed by the ram and the torpedo than by the gun. It 
had been so customary to look to the gun as the ruling power 
that that idea was not readily given up ; but he thought that, 
when officers were called upon to report upon the nature of the 
battle likely to be fought, they should have before them a plan 
of campaign, and also come to some decision as to the character 
of the fighting of the future. On those points he did not think 
that any settled plan had been determined. The whole thing 
depended upon the future mode of fighting. Was it to be as 
formerly, in line of battle, in close order in one, two, or three 
lines? If that was the C6ise he could only say that the pro- 
spects of destruction from the ram and torpedo were far greater 
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than oonld be expected from the gun. Taking into consideration Admiral Sir ^ 

the number of ships that would be brought together in close con- « 

tact, it appeared to him to bo impossible that they could escape 

the torpedo. It was said that the torpedo was erratic, and did not 

go straight. Torpedoes, however, would be cruising about in the 

middle of the fleet in one direction or another. It was said that 

they might hit the friend as well as the foe, but still the danger 

existed. There would, he imagined, be two torpedo gun-boats 

attached to every battle-ship that went into action, besides the 

torpedoes which the ship carried, and he did not see how it would 

be possible to escape fhem. The ship might not bo sunk, but one 

blow would open a compartment and let in a sufficient quantity 

of water to put it out of trim, and then, being disabled, it would 

be at the mercy of the nearest opponent. The Admiralty had not 

recognized the destructive effect of the ram. The best proof of 

that was that the bows of all the ships were unarmoured. The 

bow of every French ship was armoured. If two fleets met, 

and one had stronger bows than the other, the ships with the 

strongest bows would liave the advantage. They might not strike 

end on, but they would hit the bow somewhere, and the strongest 

would come off best. The shorter and the handier ship would 

have the opportunity of planting its spur on to the bow of the 

other. If there was the smallest oblique angle of the ram on the 

bow, there was at once an advantage; the handier ship would 

have that advantage; and that point had not been sufficiently 

recognized. It was stated that the Kussians were going to build 

enormous armour-clads ; he only lioped they would do so. He did 

not know what tlieir size was to be, but his belief was that other 

nations would try and multiply their torpedo boats, and their 

smaller vessels, and trust more in the future to the ram and 

torpedo than to the gun. In his opinion the days were gone by 

for big ships, big guns, and side armour. He held that opinion 

twenty years ago, and had not altered it. It was said that officers 

in the future would not have the pluck to ram. History did not 

record that French officers wore wanting in pluck, and he believed 

what an old and distinguished officer had said to him, that the 

great work in future in naval battles would be ramming. If so, 

the proposed monster ships would be a decided mistake. The 

bigger the ship, the more easily it would be rammed, and the 

same blow would disable a big ship as would disable a smaller 

one. When it was said that the smaller vessels would be destroyed 

in detail, it was forgotten that those smaller vessels would all 

the time be endeavouring to undermine those enormous citadels 
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Mi(«l Sir G. with whom they were opposed. With regard to the raft body* 
he believed, as the side armour was penetrable, that this mode of 
ptoteotion would be far the safest, as a ship would have to be very 
much riddled before water enough would be let in to disable it ; 
but let one shell or shot go through the armour into a large com- 
partment, or reach the magazine or boilers, and the vessel would 
be at once totally disabled. He would only add that every ship 
intended to ram should be armour-clad round the bow, with struts 
across so as to support the armour. In that case the vessel, if it 
rammed another, would not, as had hitherto been the case, do 
itself as much injury as the vessel it struck. 
r.Nordenfelt. T. NoRDLNrELT said he thought the Author was quite right in 

laying stress upon the cost of ships of war, because if the nation 
could afford to build very large and powerful ships very heavily 
armed with heavy guns, and could send them out to fight the sea- 
battles referred to by Admiral Sir George Elliot, it would be able 
to hold its own on the seas, and would have a distinct and decided 
advantage over powers who could not afford it. He thought a 
fleet of eight 14,000-ton ships was a grand and admirable thing. 
It might bo expensive, but it might carry the day in battle. Some 
of them might be lost; but the others might gain the victory. 
Mr. White had very carefully and cautiously said that such vessels 
as had been recommended by the Author might even find room in 
the British Navy. Those words “ might even,” however, did not 
apply to foreign nations. When they had adopted it, perhaps the 
British might follow suit. With many foreign nations it was a 
necessity that the ship should be able to carry heavy guns. Some 
of them could not afford to build heavy armed sliips. England, 
besides the grand nucleus of 14,000-ton shi 2 )S, required also a 
large number of ships which could carry heavy guns for the 
purpose of the very many points of defence that were necessary. 
Even England, however, could not afford to have 14,000-ton ships 
at all the out-stations, coal-stations, and depots ; but needed guns 
powerful enough to penetrate other ships that might be met with 
at those stations. Aboiit ten years ago ho remembered that a 
smile spread over the faces of some of the authorities at the 
Admiralty when the Italians commenced their eight large 
ships, beginning with the “ Duilio ” and ending with the 
" Umberto ” ; but even to-day those ships would give them the chance 
of doing enormous damage at sea, and they might live some- 
what longer than their opponents. The word “ battle-ship ” was, 
he thought, somewhat limited in the meaning set upon it by naval 
men. It was nowadays difficult to know what a battle-ship meant. 
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The new cruisers of the Mersey class, carrying 9'2-inoh guns, Mr.Nordenfett. 
22 tons, had to do battle for their country like every other ship, 
and they would no doubt join in a big battle ; indeed they could 
not be kept out of it. Most of the smaller cruisers had no pro- 
tection except the steel deck against vertical fire, or against the 
explosion of shells. The great object of the Paper, as he under- 
stood it, was to advocate a ship, something between the cruiser, so 
called, with a steel deck, and an armoured shij;). He had made 
a ship which protected the guns, the gunners and officers, the 
machinery, and all the vital i)arts. Mr. Nordenfelt’s view of it 
was that it was a gun-carriage — a means of supporting and 
carrying guns swiftly enough to overtake large ironclads, even if 
not swiftly enough to escai)e cruisers. But it was not wanted to 
escape cruisers ; they had big guns and armoured turrets, and the 
object was to catch them ; and he thought that a speed of 17 knots 
an hour was perfectly sufficient for what he might call a mobile 
gun-carriage. The Author had said that such ships could meet an 
ironclad if they were four to one. If there were four ships carry- 
ing 9-inch guns or other guns, and if they could, from being handy, 
choose their position of attack against the big ship, even if one 
or two of the smaller ships were lost, the big ship would probably 
be disabled before the other smaller ships were lost. It had lately 
been proposed by a foreign nation to have ships of the type 
recommended by the Author with 6-inch quick-firing guns, two 
on each ship in action at the same time, and all caj>able of an all- 
round fire. With four ships capable of more speed than the big 
ironclad to be attacked, each ship having always two quick-firing 
guns in action, that meant a firing j^ower of from fifty to seventy 
shots per minute, each shot being a 100-lb. shell containing a 
high explosive, thus giving from 2 to 3 tons of shell-metal fired 
during each minute against the ironclad. What would an ironclad 
with a very large percentage of its surface unprotected look like 
in a few minutes after such an attack ? It could only fire with 
its big guns one shot every two or three minutes, in addition to the 
fiire from the auxiliary armament. He would rather figlit on board 
one of the smaller vessels than on the big one. Time was a very 
important element in work of that kind. He had had the honour 
of being the first man to introduce into this country officially the 
system of quick-firing guns, and had in fact given them the name 
quick-firing guns,” and he believed that such guns had to a great 
extent revolutionized naval construction. But it was easy to go 
too far, and to put too much weight in armour. Sir Frederick 
Abel had spoken with reserve about high explosives, but Mr. 
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Kotdenfelt thought that Sir Frederick could have told the meeting 
that it was a fallacy to suppose that any plates of 4 inches must 
necessarily cause on the outside an explosion of high explosiveSi. 
If a high-explosive shell could not to-day penetrate 4-inch or 
5-inch plates, it would do so to-morrow, and long before the ships 
were ready. Field artillery, cavalry, and infantry, attacked the 
enemy without any protection whatever, because if they had 
protection they would lose their mobility. And it was the same 
at sea. Fortifications, temporary and fixed, were wanted ashore. 
Big ironclads were needed, no doubt, in the same way for re- 
sisting the fire of the enemy. But there was room also for other 
ships, and he was perfectly certain that gallant sailors would prefer 
to feel that they were on board a floating gun-carriage which 
gave them an enormous power of attack, rather than be in another 
kind of carriage in which the defence was more studied than the 
attack, and in which they had to bo protected by thick armour for 
a time. No protection was perfect. If a shell hit a big ironclad 
when it happened to heel over so as to admit the shell below the 
armour, it would be most seriously injured, and a ram of a torpedo 
might sink it. The protection could not be perfect, and he there- 
fore preferred the means of powerful attack to the means of pro- 
tection. He wished to say one word on the subject of armour 
plates. Captain Orde lirowne had said that it was understood to 
be necessary for the armour plate that it should have a part of it, 
the hinder part, wliich would hold together the 2 >ieces in front, 
when the front pieces resisted the attack of the shells. No doubt 
that was so at the time. Mr. Alexander Wilson did a great deal 
of good by his 2 )atent for compound armour in days when there 
was a want of experience in steel making. The solid steel 25late8 
made at the Creusot works, by Mr. Martell and by others, were 
very brittle, flew to 2 )icces and laid bare the side of the ship, and 
Messrs. Cammell and Messrs. Brown had benefited the various 
Navies during the last decennium in enabling them to use armour 
of which the front part resisted shells, the hind part welding the 
pieces together. If steel makers had succeeded in making solid 
steel plates of such a ciuality that they not only resisted the shells 
sufficiently, but were able to hang together, surely that was better 
and safer than the older plates. He admitted that com 2 )ound 
plates could be made harder at the surface, and consequently tend 
to break up the shells, but shells were now made that did not 
break up even when fired at a sharp angle. What was wanted 
was the thickness of solid steel with a sufficient percentage of 
<»rbon to resist penetration. Some remarkable results were ex- 
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hibited in the photographs of plates made by Mr. Vickers. If such Mr.Kotdenfdi* 
solid steel plates could be made in large quantities, they would be 
more useful than the plates which had not so complete a resistance. 

He liked formerly a hard steel face, even if it were shattered in 
breaking up the shell, because it was not likely that two shots 
would hit in the same place. But still better than that was a 
plate which did not let the shot pass through, and which did not 
fall off when struck. Admiral Howard had spoken of the advan- 
tage of small ships in comparison with large ironclads, and he had 
mentioned one point that could not be too much dwelt upon, 
namely, that there were four brains and four captains to take 
charge of the same power or the same money that was placed 
under the charge of one man in a larger ship. Another officer 
had spoken about splitting the brains into four ; but that was 
not the point. The point was the question whether the powei 
of the single brain could deal with the responsibility and the many 
complicated questions that continually arose, when commanding a 
ship of war, or whether the intelligence and experience of four 
captains of ships would not be preferable. 

Mr. T. E. Vickers wished to refer to the question of the material Mr. Vickers, 
of which armour-plates should be made. He submitted for inspec- 
tion photographs of two solid steel plates, which had been tried in 
the recent series of experiments made by the Admiralty, and 
alluded to in the Paper. The plates were all 8 feet by 6 feet by 
lOJ inches thick, and wore tested on board H.M.S. “Nettle,” at 
Portsmouth. The gun used was a 6-inch gun charged with 48 lbs. 
of powder and 100-lb. projectile. The plates were supported in a 
framework against wood backing, which represented the side of a 
ship. The gun was placed at a distance of 30 feet from the plate. 
Photographs were taken of the plate before being fired at, and 
after each shot was fired ; and any fine cracks were marked with 
chalk, so as to be seen plainly on the photographs. Afterwards 
the back of the plate and the wood backing were ])hotographed, in 
order to show to what extent the plate had answered its purpose 
in protecting the ship. The steel projectiles were also photographed. 

Five rounds were fired at each plate ; the projectiles used for the 
first, second, and fifth rounds were the well-known Holtzer steel 
armour-piercing shells ; at the third and fourth rounds ordinary 
Palliser chilled-iron shots were used. The first of the two plates 
was delivered to the Government before the steel plate of Messrs. 

Cammell, mentioned in the Paper, but was tested after it. The 
three Holtzer shots, after penetrating the plate to a considerable 
depth, rebounded against the bulkhead through which the muzzle 
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mn Vickers, Off the gun protruded, and tlie Palliser shots were broken into 
small pieces. The throwing back of the steel shots was unpre- 
cedented, as far as English experiments were concerned. The 
second plate was made at a later date, in order to see if the good 
results at the first trial could be repeated. Advantage was taken 
of this second trial to try if a somewhat harder plate would give a 
better result. This plate was penetrated to a less depth than the 
preceding one, and the Iloltzer shots were thrown back with 
greater force, and were also broken ; the plate itself was rather 
more cracked than the first one, but not seriously so. The whole 
of the plate remained in position, although one corner was found 
separated when the plate was removed. The second plate was 
fired at on a frosty day, and it was possible, if not probable, that 
the increased cracking was due to the lower temperature. The 
conclusion he derived from these experiments was, that the hard 
nature of the steel, which could be used in the front portion of the 
compound plate, gave a better resistance to the projectiles than 
the first portion of the steel one did ; but that this advantage was 
lost by the comparatively feeble resistance of the iron portion 
behind it. The steel plate continued its resistance to the last, as 
shown by the fact that the steel projectiles rebounded with con- 
siderable energy, lie believed that in thicker plates the advan- 
tages of steel would be still more marked. 

.. Barnabj. SYDNEY W. Barnaby said he proposed to address his remarks 

not to armour, but to that part of the Paper which was to him of 
greater interest, namely, the new material introduced by the Author 
as a substitute for armour at the region of the water-line. It was 
astonishing to learn that, with an appropriation of 5 per cent, of 
the displacement of a vessel, a solid bolt of that material could be 
placed at the water-line, which would exclude 96 per cent, of the 
water that would otherwise enter through perforations at that 
region. The Author had shown how ho would use that material 
for the protection of an armoured ship of war. He had listened 
with much interest to the criticisms which had been passed upon 
that design, and ho thought they might be summed up in this, that 
the ship was small. Every naval architect would agree that there 
was no fault in a design which was more easy to remedy than 
smallness. If the only fault that could be found with a man was 
that he was too young for his post, the obvious answer was that he 
would grow out of it. In like manner, if the severest stricture 
upon a design was that it was too small, the obvious answer was 
that it was easy to enlarge it. If the Author were told that more 
coal was wanted in the ship, he would say, “ It will take so many 
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more tons displacement ; I can do it.” If he were told that it was Mr. Bamahy. 
necessary to increase the auxiliary armament, he would again 
reply, “ It will take so many more tons, hut it can be done.” But 
in the case of a ship of 14,000 tons displacement, when the critic 
began by saying that the ship was much too large, then that there 
was not half enough coal, and then that certain portions of the 
ship were coated with o inches of armour where there ought to be 
15 inches; in order to satisfy him it would be necessary to take 
a clean sheet of paper, and begin the design over again. The Author 
had alluded to the Admiralty policy of taking up merchant cruisers, 
and using tliem as fighting ships. He had stated elsewhere that 
it was quite possible to build such ships with their machinery 
below a bomb-proof deck, in which case they would be as easily 
defensible as a regular ship of war. It appeared to him that if 
such ships were built like the present Atlantic liners, but with their 
machinery covered by a 1^-inch deck and witli the new material 
stowed between the j^rotectivo deck and another thin deck 2 feet 
above it, as in the Author’s design of a war-vessel, such a ship 
would be as well defended as a cruiser of the “ Tage ” type ; and 
he would ask the Author whether ho did not think that it might 
be wise for the Admiralty to build such ships protected in that 
way, and that, instead of hiring inefficient war cruisers from the 
merchant navy, it might let out those vessels to the shipowners for 
trading purposes. Of course the packing material would not be 
put in until the ships were required to fight, and the space occupied 
by it would be available for cargo. All that the owner would have 
to put up with would be a certain permanent load imposed by the 
protective dock, and a large engine-room staff, because two or even 
three screws would probably bo required in order to keep the 
engines below this deck. The gain to the country would be two- 
fold, first, the present fast ships, which, it should be remembered, 
were the only vessels which had a chance of running tJie gauntlet 
of hostile cruisers and bringing in the food supply, would not be 
withdrawn from the trade routes at the very time when they 
would be most useful. Secondly, very efficient war-cruisers might 
be made self-supporting, or even a source of profit to the nation, 
instead of a constant drain upon its resources. 

Dr. W. Pole, Honorary Secretary, while fully admitting the Dr. Pole, 
great public importance of the design of armoured ships generally, 
remarked that the branch of the subject which most nearly con- 
cerned engineers was the construction of the armour, and its 
mechanical efficiency in affording protection. The Author of the 
Paper, though he had given some particulars, had said but little 
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OH this head, and it was somewhat surprising to find that, although 
for thirty years the subject had been so prominent as a national 
question, it had come so little before the Institution. The nature 
of the material to be used, its mode of manufacture, the design, 
form and dimensions of the armour, the manner and amount of its 
resistance to shot and shell, the connections and fastenings, and 
many other points, were all questions purely belonging to the civil 
engineer ; but, strangely enough, there was scarcely a reference to 
them in the whole of the Minutes of Proceedings. The Govern- 
ment had, however, thought it expedient from time to time to call 
in the services of engineers to their aid, and as Dr. Pole happened, 
at an important time, to have taken an active part in this way, he 
would ask leave to put on record some account of what had then 
been done. The Author had alluded to the early opinions authori- 
tatively given, about 1850, by British naval authorities, against 
the use of iron for naval war purposes. Put the French were not 
so hasty, for a year or two afterwards, at the outset of the Crimean 
War, the French Emperor suggested the use of tliick plates of 
hammered iron as a protection to floating batteries, whicli it was 
proposed to use in attacking Cronstadt, and an experiment was 
made in 1854 at Portsmouth by firing at a 4\-inc]i plate with 
wood backing. The result of this was that three such batteries 
w^ere ordered by the French Government and an equal number 
by the English. When the time came for their use, the British 
batteries were not ready, but the French ones were, and they 
were employed in the attack on Kinburn on the 17tli of October, 
1855. They were exposed to a heavy fire, at a distance of 700 yards, 
for about three hours, unsupported by the fleet, and at the end 
they came out practically uninjured. Such a test as this was con- 
clusive ; and from that date the utility of iron armour in protecting 
ships of war became an accomplished fact. The French lost no 
time in carrying the idea further, for they at once began building 
a large sea-going ship of war, of 5,500 tons, protected on this 
princii)le. This vessel, now become classical under the name “ La 
Gloire,” was launched in 1860, and was clothed from end to end 
in exposed parts with iron armour, some of it nearly 5 inches thick. 
Meanwhile, the Kinburn success had gone far to dispose of the 
prejudices of the British dockyards, and the question of the claims 
of iron was re-opened by several experiments made at Portsmouth 
and at Woolwich, in 1856—1857, and 1858, with iron structures of 
various kinds. And, moreover, as the Government could not allow 
the French to steal a march upon it by the new-fashioned armour- 
clad man-of-war, it was decided to keep pace with them by con- 
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stnicting a similar shiip, protected in tHe same way. This was Dr. Pole, 
the “ Warrior,” a fine steamer of 9,200 tons, which, was launched 
in 1861. But, when the application of iron armour began to be 
seriously entertained, the Grovemment found that it involved a 
multitude of questions, chiefly of an engineering character, which 
required the most careful and patient investigation, and it wisely 
decided that the whole subject should at onco be submitted to a 
Scientific Committee, on which the engineering profession should 
be represented. This body, which afterwards became well known 
as the “Iron armour-plate Committee,” was appointed by Mr. 
Secretary (afterwards Lord) Herbert, in January 1861, and it con- 
sisted of six members, namely. Captain Dalrymple Hay, R.N. 
(Chairman), Major Jervois, It.E., Brevet-Colonel W. Henderson, 

R.A., Dr. Percy, W. Fairbairn, and Dr. Pole. The Members of the 
Committee were in active work till the middle of 1864; they re- 
ported frequently and fully their proceedings to the Government, 
and their reports were printed in four folio volumes, with full 
illustrative plates.’^ These documents were withheld from publi- 
cation at the time for reasons of public policy; but after thia 
interval there could be no impropriety in giving to the Institution 
a brief account of their proceedings, and of the results that fol- 
lowed therefrom. 

The object intrusted to them was to investigate generally the 
application of iron to defensive purposes in war. Their first duty 
was to make themselves acquainted with the knowledge already 
existing on the subject, and this they did in two ways. In the first 
place, they collected and reported on all the records they could find 
of previous experiments or investigations. Those led to a general 
belief that iron was capable of forming a good protection, but still 
very little useful practical knowledge had been acquired either as to 
the quality of material most efficient for the purpose, or the most 
advantageous mode in which it should be applied. The next step 
was to learn the views held on the subject by those persons best 
acquainted with it, and the Committee accordingly invited the'evi- 
denco of a great number of scientific and mechanical men who were 
likely to possess knowledge bearing on the subject. Among the 
witnesses were Sir William Armstrong, Sir Joseph Whitworth, 
General Lefroy, Captain Andrew Noble, Mr. C. W. Lancaster, and 
Mr. John Anderson, as eminent 'authorities on modern artillery; 

Mr. Scott Russell, Mr.* Laird, Mr. Samuda, Mr. John Grantham, and 
Captain Hewlett, on naval construction ; Professor Wheatstone, Mr. 

^ Transactiona and Keport of the Special Committee on Iron. 

[the mST. C.E. VOL. XCVIII.] F 
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Bi)i. Mallet, Mr. Nasmyth, Captain Inglis, on the general scientific and 
Baeohanical treatment of the question ; and all the most eminent iron 
manufacturers in the kingdom, as to the properties of the material. 
The information given by these witnesses was extremely valuable, 
but their opinions were very conflicting on the novel points before 
the Committee. Having thus obtained all the information possible, 
the Committee began its own more special labours, and these con- 
sisted of original investigations, chiefly of a practical and experi- 
mental character, which were directed to two classes of objects, viz., 
first to the determination of a great number of points affecting the 
general application of iron for defensive purposes, and secondly, to 
the direct trial, by ordnance, of special constructions, in the shape 
of targets designed and prepared for the purpose. The first and 
most important point was the nature of the material best adapted 
to resist the impact of shot. On this there was little positive know- 
ledge, and the witnesses held great diversity of opinion. Some 
recommended soft and tough iron ; others, steel of different kinds, 
and others combinations of steel and iron. The Committee tried 
an extensive series of experiments, which led to the conclusion 
that the most suitable material was simple malleable iron, the 
best kind being that which combined in the greatest degree the 
qualities of softness and toughness. It appeared that the use of 
defensive armour-plates against shot, was to resist the blow in 
such a way as would do the least mischief to the structure, and 
that the best mode of accomplishing this would be to make the 
plates of soft, tough material, which would allow the “work” 
residing in the shot to be absorbed in indenting and battering 
them, without producing their fracture. The Committee directed 
much attention to the mode of manufacture of armour-plates. This, 
at the commencement of its labours, was quite a now thing, as no 
masses of malleable iron of such magnitude had previously been 
made. The first jdates were made by hammering, but powerful 
machinery was soon erected for rolling them, and the rolling proved 
preferable for obtaining the quality required. The Committee gave 
every encouragement and stimulus to the makers to improve their 
manufacture as much as possible. With this view the plan was 
adopted of inviting them to see the experiments, and to study 
carefully the effect of shot on plates, giving them at the same 
time the benefit of all available information which could throw 
light on the subject. These opportunities were of the greatest 
use, for by no other means whatever could any such complete 
insight have been obtained into the nature of the problems to 
be solved, and the conditions necessary for their solution; and 
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further, this system of openness gave universal satisfaction to the Dr. Pole, 
trade. The ironmakers availed themselves willingly of the facilities 
afforded them, and the result was, that whereas, at the appointment 
of the Committee there were very few ironmasters who could make 
thick armour-plates, and those of very uncertain quality, there 
were at the end of the Committee’s labours many excellent makers, 
the dimensions had much increased, and the quality had immensely 
improved. At first the Committee could scarcely rely on the 
quality of any plates above 3 inches thick; afterwards 6 and 
inches became common thicknesses of approved quality, and 
some of the best samples were thicker still. The chemical compo- 
sition of the various irons was accurately determined, and various 
metallurgical data were obtained. Careful comparisons were made 
with foreign irons, and it was fortunately found that armour-plates 
could be made with iron obtained from British ores, by the ordinary 
processes of smelting, and manufactured with mineral fuel, not 
only equal, but superior to foreign plates of much more costly 
production. Another very important point of the Committee’s 
inquiry, was the form in which iron could most favourably and 
economically be used for defensive purposes. Various opinions 
were held on the subject : some authorities recommended a peculiar 
arrangement of bars, which previous experiments had favoured ; 
certain eminent engineers and shipbuilders suggested a number of 
thin plates, well fastened together, a form which was thought to 
present great advantages for naval purposes, in affording support 
to the structure and at the same time offering great facility and 
economy of construction ; while a great number of other schemes 
for bent plates, corrugations, ribs, bosses, and many other ingenious 
contrivances had their supposed advantages strongly urged. More 
than four hundred plans were submitted to the Committee ; these 
were all examined and reported on, and some of them were tried ; 
but through all these complications the simple result was arrived 
at, that the best application was a single plate of uniform 
thickness, with the surface perfectly plane. It was found that a 
large size of plate was advantageous as giving fewer joints, 
although small plates were more trustworthy in quality, as well as 
much cheaper. At first it was supposed to be an advantage to 
connect the edges of adjoining plates by grooving and tonguing, 
and this was done in the “ Warrior ; ” but it was shown to be a 
mistake, doing mischief instead of good, and w’-as therefore aban- 
doned. Another point of great uncertainty was as to the best mode 
of fastening armour-plates to the ship’s side. Numberless schemes 
were devised for doing away with bolts passing through the plate ; 
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bat experience showed that, with certain precautions, bolts and 
nnts were perfectly efficient. One of the latest experiments, how- 
ever, gave remarkably good results with the French x>lan of large 
■^ood-screws holding into the backing behind. Great interest 
attached to the question of the backing most suitable for ship 
armour-plates. When these were first used, they were fixed 
directly upon the hull of timber ships ; and, when they were first 
applied to iron ships (in the case of the “ Warrior ”), it was thought 
expedient to imitate the former condition, by placing a thick layer 
of wood between the armour-plate and the skin of the vessel. 
Many objections were raised to this ; the wood backing was said 
not only to bo unnecessary, but to be absolutely prejudicial, as liable 
to decay, and to destruction by fire and by shells. It was necessary 
that the Committee should thoroughly test this, and elaborate ex- 
periments M^ere designed and carried out for this jmrpose ; but the 
Committee was unable to recommend that this wood backing 
should be dispensed with, as it appeared to perform important 
functions for which no thoroughly efficient substitute could be 
found. The nature of the projectiles was a subject intimately 
connected with the resistance of the plates, and a great number of 
experiments were made, in conjunction with the Ordnance Select 
Committee, to determine the influence of variations in the weight, 
velocity, form, and material of the projectiles as regarded their 
effect on the armour. Discussions of the results obtained were 
given in two memoranda by Dr. Pole in January, 1862, and 
January, 1863. 

In addition, however, to the determination of general principles, 
it was the duty of the Committee to make trials of actual structures 
on the largest scale, for it was impossible to tell, by any a priori 
reasoning, or by any deductions from small trials, how the armour 
of ships would behave under fire. The Committee remarked : — 

“ One of the most striking deductions from our experiments is the diflOlculty, 
even for those most conversant with the subject, to foretell what are likely to bo 
the results of untried schemes, however promising they may appear. The effect, 
upon iron structures, of heavy shot from modern ordnance, is totlilly unlike the 
result of any other kind of mechanical action, and has conditions* essentially 
peculiar to itself ; cxjx*riments, therefore, on a great scale arc absolutely essential 
to determine the merits of many plans still awaiting trial.” 

It was, therefore, determined to make targets on the actual 
scale, representing portions of the sides of ships armed in particular 
ways, and to ascertain their value, in the most positive and unequi- 
voc^ mode, by firing at them with heavy artillery to the point of 
complete destruction. One of the earliest of these was a target 
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representing a portion of the “ Warrior” frigate, which, as already Dr. Pole, 
stated, had been built somewhat hastily in emulation of the French 
ship “ La Gloire.” The target was 20 feet long by 10 feet high, 
and was composed of 4^-inch wrought-iron plates, bolted to a wood 
backing 18 inches thick, behind which was the iron skin, sup- 
ported by wrought-iron ribs, exactly as in the ship itself. The 
target was fired at in October, 18G1, with many rounds of shot 
and shell from the heaviest guns then available, at 200 yards 
range, 3,229 lbs. of projectiles striking the structure ; and although, 
naturally, much damage was done, the resistance offered was con- 
sidered very satisfactory. This same target was again tried, with 
heavier artillery than before, and the report was that no other target 
experimented on had offered so good a resistance. Many authorities 
considered, however, that it would be desirable to try other systems 
of protection, and accordingly several other targets were constructed 
embodying different ideas. Two of these were on plans by Sir 
John Hawkshaw, one by Sir William Fairbairn, one by Mr. Scott 
Eussell, and one by Mr. Samuda, all which, under fire, gave 
valuable information of some kind or other. And as the building 
of armed ships went on, with modifications in their mode of pro- 
tection, targets representing them were ]iut to the proof; the 
Minotaur,” the “ Lord Warden,” the “ Bellerophon,” and others, 
being proved in this way. These and other ships were built ex- 
pressly to carry out the designs drawn from the information 
obtained by the Committee, and they represented the best know- 
ledge and the most efficient protection attainable at that time. In 
1864, at the instance of Dr. Pole, a target was made representing 
a system of armour which he had seen apjdied to a French ship 
building at Cherbourg; it involved some novelties, and the trial 
was particularly instructive. The attention of the Committee, 
however, was not confined to ships only, but was largely devoted 
to the application of iron to permanent land fortifications. There 
were absolutely no facts on the subject of any value, and data 
could only be obtained by trials on a comprehensive scale. Ac- 
cordingly, several structures were made on different plans that 
appeared feasible, and the result of the trials led to the development 
of satisfactory practical designs. 

The Members of the Committee endeavoured throughout their 
work, not only to ascertain facts, but to reason upon them, and to 
make them useful for practical guidance. And when it is con- 
sidered how little knowledge there was when they began their 
work, and that when they finished it they left the system of 
Brmour both for sea and land defences fully and successfully 
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to. Boi4 estal>Iished, it must be admitted that their four years’ labours 
■were not in vain. The great feature especially of the manufacture 
of the plates may be said to have been created under their 
auspices. In the twenty-five years that have elapsed since their 
labours ceased, no doubt great progress had been made, not only 
in the magnitude of the ships, but in the force of the artillery 
used against them, and the consequently larger scale of the 
armour ; and it must, of course, be added that the new form of 
malleable material produced by fusion, whatever it may be called, 
had introduced great changes into the modes of preparation. It 
would be the province of others, who had the knowledge and the 
■will, to give to the Institution information of these more modem 
improvements. 

Frederick Sir Frederick Bramwell had nothing to remark on the engi- 
neering part of the subject, but he would like to refer to a question 
of political economy. Mr. Sydney Barnaby had proposed, in the 
interests of the ratepayers of the country, that the Government 
should make a certain class of ships, capable of receiving “woodite” 
protection, which, when not wanted for the purposes of war, should 
be leased out to the carrying trade as merchant steamers. If that 
could be done, he said such ships would be earning money instead 
of being a cost to the ratepayers in time of peace ; also that, when 
war came and ships were wanted to bring food to the country, they 
would not be withdrawn from the merchant fleet in the way they 
otherwise would be. Sir Frederick Bramwell desired on this 
suggestion to remark that, for Mr. Bamaby’s proposal to succeed 
pecuniarily, it would involve that, in times of peace, merchants 
should hire Government ships and should not build ships of their 
own ; but as in time of war the Government ships must be with- 
drawn, and as by the suggestion the merchants would not have 
built ships, the vessels em2)loyed in the food trade would, when 
war came, be as much withdrawn as would be the ships owned by 
merchants, and there would still be the withdrawal of food-bring- 
ing ships. That would be one result, and the other wnuld be that 
they would be allowing the Government to embark upon trading, 
which it was always too ready to do, competing with private 
capitalists, investing capital in the supply of ships and interfering 
with private commerce. lie hoped that the Institution would 
always listen to anybody of the name of Barnaby, and certainly to 
Mr. Sydney Barnaby, with every respect in matters of engineering, 
but would be slow in adopting his views as to who ought to supply 
the merchant navy of the country. 

'atluniiel Sir Nathaniel Barnaby thanked the members for the manner 
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in wHoli they had received his Paper, with its many faults of Sir Nathaald 
omission, some of which had been happily corrected by Dr. Pole, 
and some faults of commission with which he should have himself 
to deal. With reference to the remarks of Admiral Sir George 
Elliot, he thought it was a great mistake to suppose that the rams 
of ships which had not armour carried out to the stem were there- 
fore weak. The case had been quoted of the German ship the 
“ Konig Wilhelm,” which ran into and sank a sister ship, and it 
was said that the ram was seen to be twisted out of its place, and 
that was urged against the use of rams as at present constructed. 

The present form of ram had been very largely influenced by the 
failure of the German ram that had armour carried out to the end, 
which armour completely failed to support it. The method was 
changed, and he contended, having had a good deal of experience 
in the matter, that it was impossible to have a stronger form of 
ram than that now used in the British ships of war. If any one 
desired to convince him to the contrary, ho should be happy to 
discuss the matter with him, but he believed it was impossible to 
have a stronger ram than that now in use, and he was certain that 
Mr. White would support that view. He regretted that he had 
not known of the great success which Messrs. Vickers had 
met with in their attempts to enter the fleld of armour-plate 
makers. That, however, was not his fault. The Admiralty 
had preserved its secrets well, and had resolved to keep undivulged 
all information as to who could make armour-plates, and, until the 
photographs were produced, he did not know how great a success 
Messrs. Vickers had achieved. He had singled out the firms of 
Messrs. Charles Cammell and Co., and Sir John Brown and Co. for 
special notice because they were the only ones in England who- 
had made armour for modern ships of war, and he might be well 
excused for singling out those two great firms who had done such 
splendid service to the country. Captain Orde Browne had asked 
whether it was not possible to have hard armour for the cruisers 
to keep out the high explosives, and softer armour for the ships 
which were more heavily plated. To tliat a naval officer near him 
at once objected very naturally that it was uncertain what ex- 
plosives the enemy might discharge. That objection to the use of 
different kinds of armour in cruisers and battle-ships was good 
also against the use of different principles in applying armour in 
cruisers and battle-ships, and was the justification for his treatment 
of the French ships in the diagram. His contention was that the 
principles of armour defence should be the same in all classes of 
fighting ships. Look at the Table of Phases of Armour. The 
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k liyiiiiittiel •* Qloire,” a French ship of 5,500 tons, was designed to receive 
the attack of the fastest ships of that period, and to resist their 
shell guns. The “Tage,” of 7,000 tons, was designed to do 
precisely the same thing. So, also, was the “ Dupny de L6me.” 
Why, then, should he not compare them in the matter of armour 
defence? Sir Edward Eeed and Mr. White had stated that he 
must not do so, because they were called by different names. The 
“ Gloire ” was called a battle-ship ; the “ Marengo ” and the 
Amiral Baudin ” were known as battle-ships ; and the “ Tage ” 
and the “ Dupuy de Lome were not. But in what respects would 
the enemy’s guns treat them differently ? In the last naval war 
the principle of defence was the same for all fighting ships. In 
the very largest ships there was the wing passage completely 
round the ship in the neighbourhood of the water-line inside ; and 
the business of the carpenter and his crew in an action was to 
watch the whole of that wing passage and to have plugs with 
which to stop up the holes that the enemy’s shot made. It was 
inconceivable to him that any arguments could convince an as- 
sembly of engineers, called upon to hear and judge, that there was 
any justification for protecting the crew of one fi^ghting ship with 
10 tons of armour per man, and leaving the crew of other fighting 
ships without any armour, vertical or horizontal. Sir Frederick 
Abel had drawn attention to conflicting statements in the Paper 
as to high explosives. Yes, they were certainly conflicting. One 
set had been put forward by official people who were defending 
the use of 4-inch and 5-inch armour in new ships as a perfect 
defence against high explosive shells. The other set supported his 
own view, that there could be no a 2 )proximation to finality in the 
use of such armour. He had shown how the quick-firing gun and 
the automatic gun would be effective against it, and that the 
invention of armour-piercing projectiles loaded with those nitro- 
glycerine compounds capable of piercing through even 12 and 14 
nches of armour, must be expected. In a I’aper prepared by 
him last year for the Naval Construction Company he had said, 
4-inch armour for this purpose is already obsolete before the 
ships are finished.” Sir Frederick Abel had confirmed that. He 
Lad stated that experiments had proved that 4-incli armour would 
not always keep out high explosives ; that it would be penetrated 
by armour-piercing projectiles which would carry the explosive 
charge through the armour. He had said that, if the efficient 
application of high explosives depended only u 2 )on the provision 
of a thoroughly reliable delayed-action fuze, then the naval officer 
might depend on having, in the next war, high explosives brought. 
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with perfect efficiency, to bear against thick armour. In his Paper Sir NatltaiM 
he had asked whether it was only the enemy who was to take 
advantage of those powerful projectiles. He had also, deprecated 
the use of such armour. He had wondered whether it had been 
put into the recent large Admiralty designs in deference to a 
school represented by the gallant officer. Lord Charles Beresford. 

That officer had stated that the Admiralty had started first of all 
with the theory that an armoured battle-ship should not be sunk 
or put out of action unless its armour was pierced. He had himself 
always thought that where armour was used it should be endeavoured 
to make it impenetrable. It was said that such impenetrable 
armour was useless if the ship could be sunk or put out of action 
while it remained unpenetrated. But, according to the new school, 
there need only be put on some thin armour which would be 
speedily perforated, in order to set everything right. In order to 
put that armour on, the size of the ships must be increased at the 
expense of the number of ships ; but no matter ; the money expen- 
diture per ship might be great, or the speed might be sacrificed, 
or thickness of armour or armament, in order to' get some of that 
easily penetrable armour which would save the honour of the Navy, 
and justify the new school of naval architecture. It was said that 
the ship of 3,000 tons was very small. Ilis object in advising those 
who prepared the design was to keep to a ship of minimum size for 
doing the work. That a ship could be made larger with advantage 
was, no doubt, true ; but he thought the ship in question fairly 
balanced all the qualities that could be got in a ship of the 
smallest size cajiable of fighting an action at sea. The ship was 
practically as large as the “Asia” and the “Indus,” the flag-ships 
of the Admiral Superintendents at Portsmouth and Devonport. 

He agreed with those naval officers who thought that any weather 
which would sensibly afiect the comparative behaviour of the ship 
of 3,200 tons, and that of 14,000 tons, would be found to bo not 
fighting weather for either sliip. Mr. White preferred an armoured 
deck rising above the water-lino in the middle, and sloping under 
the water to the sides, to the proposed raft body. lie thought he 
was the first to introduce a deck under the water, with cellular 
divisions over it, in classes of ships which had hitherto been 
unprotected. That was in the C class of corvettes in 1878. He 
thought he was also the first to introduce the mode of defence 
preferred by Mr. White. That was in the “Mersey” class in 1883. 

If he should be the first to be instrumental in the use of the solid 
raft body in preference to either of those plans, he should think he 
had made a distinct and most important advance in the art of war- 
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dhip building. In bringing bis Paper before the Institution, he 
bed had no desire to criticise any Admiralty work. He wished to 
direct attention to the new forces coming into the field, and to adyise 
that outside engineering opinion should be taken before a large 
expenditure of money was finally decided upon. Since the Admiralty 
proposals had been made they had been considerably discussed. 
They were said to have met with the acceptance of the Navy. 
He had been listening that afternoon to an excellent lecture given 
by a naval officer, Captain Eeade. The lecture was illustrated by 
beautiful drawings of ships, and it was a captivating lecture. The 
lecturer, however, had said some things about existing ships which 
he did not in the least agree with. He stated that the new 
Admiralty designs were quite wrong, and he contended that the 
ships should have armour all over their sides 6 inches thick. His 
view appeared to be that the design which the French had pro- 
duced, of the “Dupuy de Lome” type, was the one most needed 
for the largest ships. He had read with great interest a Paper in 
the “ Nineteenth Century,” ^ for May, by Lord Armstrong, and he 
should be glad to quote a few words from it : — 

“ It will be noted,” said Lord Armstrong, “ that Mr. White is careful to avoid 
all questions as to the policy of building armoured battle-ships in preference to 
ships of the cruiser class.” He went on to say, “ Although I am ready to 
commend the designs for these new ships, my distrust of the efficacy of all 
vessels of this armoured class in relation to their cost remains unchanged. All 
the advantage they possess in point of defence is a i>artial and imperfect pro- 
tection against artillery tire. As regards rams and torpedoes, they are as 
vulnerable as slii])s without armour at all, and they are as liable to perish by 
the perils of the sea as any other kind of war-ship, while their cost is so great 
that the loss of any one of them from any cause amounts to a national calamity. 
Mr. White, in his Pai)cr on those new designs, refers to what he calls the ‘ too 
many eggs in one basket ’ argument, but ho wisely adds that ho leaves that 
argument to be dealt wdth by the Board of Admiralty, who are responsible on 
matters of })olicy, he being only their technical adviser. Tho argument referred 
to is, however, undoubtedly iwssesscd of great cogency, and, to my mind, tho 
only justification for persevering in the building of such ships is that foreign 
nations are still doing so. Nevertheless, I maintain that wc shall realise a 
greater amount of security for our shores, our harbours, our commerce, and our 
colonies, by chiefly devoting onr resources to the multij)lication of vessels of the 
cruiser class in preference to those of tho armoured class.” 

Those were weighty words, and expressed almost what he had had 
in his mind in preparing the Paper. He would only add another 
word. England possessed two sets of very able sons — sailors and 
leivil engineers. He had the highest possible admiration for sailors. 


» Vol. XXV.— No. 147, pp. 629, 635. 
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whom he knew well, and who were very splendid men ; but when Sir NathsiM 
it was decided to enter upon a national policy in such an important 
stage of affairs — such a crisis as the present — ^he thou^t that to 
shut out the great body of engineers, to whom questions of prin- 
ciple might be wisely referred, was a mistake. He thought every 
one would feel that, if it had been possible for the Admiralty to 
lay before a body of civil engineers the outlines which were put 
into Mr. White’s hands (he was not now criticising the designs), 
it would have been much better than to enter upon a grave step in 
policy without such consideration as it ought to have received. 


Correspondence. 

Admiral the Eight Hon. Sir J. C. Dalrymple Hay observed that Admiral 
when Sir Henry Chads reported, in 1850, that, “ whether iron 
vessels are of a slight or substantial character, iron is not a material 
calculated for ships of war,” he was justified by the character of 
the ship-plates of which some of Her Majesty’s ships were being 
constructed. Substantial was a relative term, and the most sub- 
stantial plate they applied to the sides of Her Majesty’s ships did 
not exceed in any case J-inch. These, under the fire of 32-pounder 
guns, with cast-iron spherical shot and 8 or 10 lbs. of powder, were 
driven in such masses of langrage that it would have been impos- 
sible for men to live behind them. It was not till 1854, after the 
failure of the Anglo-French fleet to effect, on the 17 th of October, 
any material damage on the sea defences of Sebastopol, that, on 
the initiative of Napoleon HI., wrought-iron plates were applied 
to the sides of wooden ships, to protect them against shell-fire. 

The first specimens tried in this country, at Portsmouth, towards 
the end of 1854, were made under the Tilt-hammer, and were 
4j^. inches thick. The spherical shells, at short range from 8-inch 
guns, broke up on striking, the plates received little or no damage, 
and the wooden structure was saved. He witnessed these experi- 
ments. The next opportunity of seeing an experiment was at 
Kinburn. The French had three floating batteries there, exposed 
at short range to smooth-bore guns. Some men were killed by 
shot which entered the largo broadside ports; but though the 
battery, which he had an opportunity of visiting on that occasion, 
had been struck sixty-three times by solid shot, no plate had been 
penetrated or broken, and no bolt had been broken. In 1860 he 
was named Chairman of the Iron Plate Committee, and was asso- 
ciated with the late Sir William Fairbairn, Dr. Percy, General Sir 
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W. D. Jervois, and Dr. Pole. It might truly be said that nothing 
■was known of the manufacture of iron plates for protection against 
shot when that committee assembled ; when it was dissolved, in 
1864, it left a record of experiments and opinions which even now, 
in the advanced stage of the science, might safely be consulted. 
The “Warrior,” “Black Prince,” and “Achilles” were in process 
of construction, but the “Minotaur,” “ Agincourt,” and “Northum- 
berland ” were constructed in consequence of the advice of the Iron 
Plate Committee, and the rolls by which the plates were constructed 
were put up by Sir J. Brown in consequence of evidence taken by 
the Iron Plate Committee of the superiority of plates so constructed 
to those made under the Tilt-hammer. The turret of Captain Coles 
led to the “ raseeing ” of the “ Roj^al Sovereign,” and afterwards to 
the experimental fire to which she was subjected from the guns of the 
“ Bellerophon.” During the decade 1860 to 1870, several incidents 
occurred to make naval men sceptical as to low freeboard, breech- 
loading guns of large calibre, and the reliance upon a small number 
of large guns in preference to the broadside. Vessels of the “Agin- 
court” class had proved exceptionally fine sea-boats. They had 
assisted in laying an Atlantic cable ; they had towed a dock success- 
fully to Bermuda. The “Eoyal Sovereign ” had been damaged in a 
contest with the “Bellerophon,” and the “ Captain,” through being 
over-canvassed, had perished. One of the most formidable turret- 
ships ever built was thus lost, owing to the wish of the designer to 
make it also a sailing ship, against the advice of Sir Edward Eeed, 
then Chief Constructor. The 40-pounder Armstrong breech-loader, 
with 8 lb. charges, was ineffective against the 4;^-inch jdates, and 
a IdO-pounder breech-loader gun jammed in the breech, and was 
unable to be reloaded, in experiments at Shoeburyness. Thus it 
came to pass that want of confidence in a breech-loading gun 
capable of standing heavy charges, and the reliance upon many 
guns rather than on few, induced many officers of ability, such as 
the late Sir Cooper Key, to rely upon muzzle-loading ordnance and 
broadside ships. The resistance to an increase in the size of ships 
was intelligible. There was no need to build ships much larger 
than possible opponents. Since the making of the Suez Canal, the 
Indian empire was deprived of the support of the Mediterranean 
fieet, if its ships drew more than 24 feet 8 inches. There was no 
advantage in increasing the risk on each individual ship, or 
increasing the cost, unless concentration of power was advisable 
for other reasons. The Author had quoted accurately some remarks 
of his, giving a general assent to Admiral Touchard’s expressed 
opinion. He saw no reason to change the opinions then expressed. 
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In specifying in their order the parts requiring protection, he saw Admiral 
no necessity to alter the respective values of the arrangement 
quoted. But, in the speech quoted, he previously stated that sea- ‘ 
worthiness and speed were above all things necessary. He still 
adhered to that statement. It must be remembered that in 1873 the 
torpedo was hardly developed, and the “Polyphemus” had not been 
tried. The torpedo might be guarded against by crinoline, but the 
ram could only be used or avoided by speed and handiness. This 
brought him to the special proposal of the Paper. If the raft- 
* bottom proposed could be made so as to receive the damage inflicted 
by the torpedo, in such a manner as to lessen the risk of sinking, 
it would have most valuable results ; but this material was, so far 
as he was aware, not yet even in the experimental stage, and he 
should be impertinent to ofibr any opinion on its merits. Small 
ships of this character would be invaluable, and have many of the 
advantages claimed by the Author; but they did not, in his 
opinion, do away with the necessity for building largo first-class 
battle-ships. They ])robably were an improvement on the “ Kia- 
chuelo,” though four of them did not seem to be a substitute for the 
“ Victoria.” How rapidly the march of science caused opinions to 
develop, and how difficult it must be for an outsider like himself 
to express a confident opinion, was illustrated by the fact that Sir 
Edward Keed and the Author, two of the most eminent naval 
architects in the world, and who had each worn the blue riband 
of their profession as Chief Constructors of the British Navy, were 
not absolutely in accord on this subject, and neither of them, when 
in office even, so far as was known, submitted such a design to the 
public or the authorities. This country had been at war at the 
same time with France, Holland, Italy, Turkey, Kussia, Denmark, 
Sweden, and the United States. The British Navy then consisted 
of one hundred and forty-six line-of-battle ships in Commission, 
and in 1807 Great Britain seized the Danish fleet at Copenhagen, 
and in 1808 the Eussian squadron in the Tagus, in order that it 
might have as many battle-shii)s as all the world besides. This 
policy was carried out by Chatham and Lord Anson, by Mr. Pitt, 

Lord How'e, and Lord Barham, and was the only policy which 
gave this country absolute safety. This superiority was needed not 
at the end but at the outbreak of hostilities ; wars were short, sharp, 
and decisive, and those best prepared, like Germany on a recent 
occasion, were successful. Other classes of ships might be extem- 
porized, but a first-class battle-ship took four years to complete. It 
was better to spend money in building such ships, in case they might 
be wanted, rather than in paying a ransom after defeat. There 
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i^Wbnil were now one nunarea and four iirst-class battle-ships in the world. 

Great Britain had thirty-four. It was proposed to build ten new 
ones. To that must be added twenty-six with a speed and gun- 
power superior to the “ Italia/’ with a protection over the vital 
parts superior to the “ Italia’s ” guns. As the offensive power of 
the “Italia” could be developed by direct fire in a line with keel 
of all its four guns, and as the bow, in ramming, was most exposed, 
so it seemed to him it was essentially needful that a narrow l^lt of 
protection at the water-line should be given, as the punching fire 
of quick-firing guns might possibly materially injure that portion 
of the ship. Before closing, he desired to emphasize an opinion he 
had always ventured to express since the abolition of the Ordnance 
OfSce in 1855. The Ordnance Office was essentially a manufactur- 
ing department, though it was overlaid with detail of the Corps of 
Eoyal Engineers and Artillery. Those corps were justly attached 
to the War Office, but the construction of guns and the provision 
of munitions of war should be entrusted to a department separate 
from the two great spending departments. Iffie nation might 
then hope to have guns ready in good time for its ships, and 
identity in make and calibre in the armament of its ships and 
fortresses. Until this was done, he feared the difficulty in pro- 
viding a suitable armament for ships would continue, and he could 
conceive nothing more fatal to the naval supremacy of this country 
than that a ship or a fleet, resorting to Gibraltar or Malta, should 
find guns and ammunition of a different character to that which 
they might require. England must be guided by the course of 
shipbuilding in nations which might be possible opponents, and 
for every battle-ship laid down by foreign countries, a faster and 
more powerful ship should be commenced and rapidly completed 
here. 

Major D. O’Callaoii i\, E.A., remarked that a tolerably long 
Callaghan, experience of armour-plate experiments at Shoeburyness led him 
to hail with satisfaction the i)roposal to abandon the type of 
unarmoured fast-steaming cruiser, in favour of a vessel which, 
while possessing the undoubted advantages of high speed and 
manoeuvring power, would afford a measure of j)rotection to guns 
and gun’s crews from the disastrous eftect of an enemy’s shell fire. 
With respect to ships which depended for their existence on speed 
alone, Englishmen were not fond of rapid strategic movements to 
the rear. Such evolutions were at times open to misconstruction, 
and captains whose orders were to hover on the outskirts of an 
engagement, and whose rdle was to convoy merchantmen or to 
bomlmrd mercantile ports, would inevitably turn their blind eyes 
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towards signals, and would try conclusions witli ironclads in the M^or 
thick of a fight with the certain fate of destruction. The “ plucky 
little ‘ Condor ’ ’* incident would be repeated over and over again 
with less happy results. He well remembered the terrible effect 
of common and shrapnel-shell fired some years ago at a section of 
the “ Shannon ” at Shoeburynoss ; and he made up his mind then 
that it was almost useless to protect the so-called vulnerable 
portions of such a ship, the engines, steering-gear and magazines, 
when the fighting portions, the guns and their crews, were open to 
complete and total destruction by the feeblest projectiles. A 
delayed-action fuze for high explosives was not, as the Author 
remarked, an accomplished fact, and shells filled with high ex- 
plosives were powerless when fired against armour, unless the 
latter was very much below the perforating power of the gun 
opposed to it. There was little doubt, for instance, that 4 to 6 
inches of hard armour, easily perforable by a G-inch breech-loading 
gun, would be quite proof against a shell of that calibre filled with 
high explosive which would detonate on impact, causing the shell 
to break as harmlessly as an egg on the face of the armour. On 
the other hand, a similar shell from a 9* 2-inch or 10-inch breech- 
loading gun would probably overcome such a thin plate, detonate 
in passing through it, and though, as far as disruptive power was 
concerned, its explosion would probably be more local and less 
damaging to structure than that of a powder-filled shell, the 
number of man-killing fragments would bo greater, and the execu- 
tion in this respect proportionately to be dreaded. This effect, 
too, would, he took it, be quite independent of any fuze delayed or 
direct in its action, but would bo dependent solely on the disparity 
between the armour protection and the power of the gun. Steel- 
faced armour, 9 inches thick, such as the Author proposed to use 
in the new type cruiser, was just perforable by a C-incli armour- 
piercing steel shell at short range ; but it would, he thought, keep 
out a shell filled with high explosive fired from a 9 • 2-inch breech- 
loading gun striking normally to its surface, and would afford an 
efficient protection from even heavier shells striking at an angle. 

The effect of these projectiles, owing to the disruptive force being 
confined to a comparatively restricted area, might be discounted 
and localised to a great extent by the employment of traverses, 
and this, he would suggest, should be an important factor in future 
construction. On the general question of building four com- 
paratively small ships instead of one largo one, it would be 
presumptuous for him to express an opinion ; but the policy must 
surely be sound, since the four ships were practically as invulner- 
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able as the one bulky ironclad, were more easy to manoeuvre, and 
•were susceptible of both independent and combined action. All 
the eggs were not in one basket, and the loss of one of the baskets 
would not necessarily involve the destruction of the other three. 

Bear- Admiral E. A. E. Scott observed that the Author’s proposal 
was to build five small partially-armoured ships of 3,200 tons each 
in lieu of every intended battle-ship of 14,150 tons ; or else four 
ships of rather larger size and higher speed. The former were to 
steam 17 knots, and the latter 19 knots an hour, as against the 
17i knots of the new battle-ships. Tho vessels proposed by the 
Author were to be armed with two 22-ton guns each, and armoured 
so as to protect the crews of these guns, which were to be mounted 
one on each side of the funnel, and to sweep round the horizon. 
The lower part of the funnel, together with the uptakes from the 
boilers, and the vital parts of these ships were to be protected. 
The quadrupling of partially armoured vessels, having their two 
guns, their crews and funnels protected, and capable of steaming 
19 knots an hour, would be of great advantage, could sufficient 
coal-endurance be given them ; but unfortunately they could not, 
upon such small tonnage, carry coal enough to keep at sea for the 
lengthened periods requisite to defend the more distant commercial 
arteries, and were not, therefore, the sliips which were so greatly 
needed for tho protection of commerce. The utilizing 9-inch 
armour, so as to afford such a considerable amount of protection, 
appeared to entail the disadvantage of over-heating the gun- 
chambers by radiation from the funnel ; but, on tho other hand, 
the Author’s calculations as to perforation by the 9 • 2-inch 22-ton 
guns of no less than 99 per cent, of the area of the sides of foreign 
ironclads, was a most valuable contribution at tho present time. 
He further stated that the C9-ton guns carried by the present 
battle-ships would only pierce ^ per cent, more of this area, 
which must at once suggest the query whether tho 69-ton guns 
were valuable in proportion to their weight of metal and of 
armour needed to protect them and their easily injured machinery. 
The Author had pointed out Sir Thomas Hastings’ mistake in 
condemning iron as the material for the skin of warships; but 
the same conclusion had been arrived at by all who witnessed the 
large pieces of iron which were torn off when the target was 
struck by projectiles. Latterly, groat improvement had been 
made in the toughness both of iron and steel, but there was 
very little experience as to the damage likely to result from shell- 
fire against the unarmoured sides of vessels. Shots were unsuit- 
able as naval missiles. Properly made steel shells would perforate 
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any thickness that shots would penetrate, and then explode within Rear-Admiral 
the ship, as had been long since proved by Sir Joseph Whitworth. 

For steel shells there was a safer and quite as powerful a material 
as any which had yet been manufactured abroad, and the mechanical 
ability to apply every kind of explosive in the best manner was 
likewise to be found in the United Kingdom. He believed that 
the proposed large battle-ships of 14,150 tons, or a few hundred 
tons more for larger coal-supply, were the very ships now most 
needed for the Navy, and the least likely to become obsolete. The 
Author had directed attention to the imperfect gun-supply, and 
had shown the practical value of guns of 22 tons weight; but 
trustworthy 10-inch guns of about 30 tons would be still more 
suitable for ships, as their diameter would admit of the more 
powerfully explosive shells which would more quickly complete 
the destruction of the sides of an enemy’s vessels. 


16 April, 1880. 

Sir GEOEGE 13. BEUCE, President, 
in the Chair. 

The discussion on the Paper by Sir Nathaniel Barnaby, on 
“ Armour for Ships,” occupied the entire evening. 


23 April, 1889. 

This being the Tuesday in Easter week, in accordance with the 
By-laws there was no meeting. 


30 April, 1880. 

Sir GEOEGE B. BEUCE, President, 
in the (liair. 

The discussion on the Paj^er by 8ir Nathaniel Barnaby, on 
‘Armour for Ships,” was continued and concluded. 


[the INST. C.E. VOL. XCVIIl.] 
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(Pajper No. 2402.') 

The Treatment of Steel by Hydraulic Pressure, and the 
Plant employed for the purpose.” 

By William Henry Greenwood, M. Inst. C.E. 

The Author’s original intention was to have com! )incd within a single 
communication a consideration of the operations theiusclves, and of 
the plant required for the treatment of steel by hydraulic pressure, 
involving thus the processes or operations generally known as, 1st, 
ihe fluid compression of steel, and 2nd, the hydraulic forging of steel. 
It was found, liowever, that tlie Icngtli of such a Pai>er would far 
exceed the usual limits, while the considerations involved in the 
study of the two x>rocosses are in a great measure different. It 
was considered, therefore, better to take the subject in its two 
divisions sex)aratcly, hence only the first mentioned will now be 
X>resented for discussion, namely the fluid comx>re6sion of steel for the 
])roduction of sound ingots, upon the method suggested originally 
by Sir Henry Bessemer in 185G, but tlie practical carrying out 
of which is inseparably associated with the name of the late 
Sir Joseidi Whitw^ortli, Bart. Attention will thus bo directed 
to blow-holes in steel, to their origin, and to the various 
methods prox)osed for the x>roduction of sound ingots ; but more 
especially to the method, effect, and advantages of fluid com- 
X^ression. The doveloxmient of this, and of the hydraulic 
])lant necessarj^ for that x^i^rpose, culminated in the construc- 
tion, erection and working under the Author’s sux)ervision 
in the Abouchoff Works, 8t. Petersburg, of a comx)lete plant, 
embracing engines, x>^iDiX)S, accumulators, lifts, cranes, moulds, 
and a x^i*oss of 10,000 tons eaxmeity. This was then the most 
X^owerful x>laiit that had been constructed for the x^^^rpose, and 
it affords, further, probably the only cxamx>lo in Itussia of a plant 
of anything like equal magnitude and novelty, for wrhich the 
whole of the labour required in the x>rex'>aration of the drawings, of 
its construction, erection, and subsequent successful w^orking w^as 
supplied (with the exception of the Author) from the ordinary staff* 
of the Russian works. The descrixitions and data throughout this 
Paper refer largely to that x^lant and its working, supx)lemented 
only where necessary by information from other sources. It is 
remarkable that although several steel-makers, notably The 
Barrow Steel Company, Limited ; Schneider, of Creusot, and Baron 

G 2 
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Krupp, of Essen, did from time to time make overtures, and open 
up negotiations with, the late Sir Joseph Whitworth, for the con- 
struction of the necessary plant and use of the process, yet failure 
always attended such overtures, and while Sir Joseph Whitworth 
and Co. remain the only users on the large scale of the 
process in this country, the Ahouchoff Works represents its con- 
tinental home. The Author is able to place before the Institution a 
large experience of the working of the process, and by the courtesy 
of Admiral Kolokoltzoff, I.R.N., Director of the Ahouchoff Steel and 
Ordnance Works, St. Petersburg, to present an important series of 
tests and experiments made upon steel cast under the ordinary 
conditions without pressure, and upon similar steel cast and then 
subjected whilst fluid to considerable hydraulic pressure. 

Sir Joseph Whitworth claimed for the method of fluid compres- 
sion, that it was the only x^rocess yet introduced by which ingots 
of mild steel could be at once successfully obtained sound, free 
from cracks or other flaws, homogeneous, and for the same temper 
of steel with the higher ductility, so desirable in the manufacture 
of ordnance, shafts, or any large forging. How far these anticipa- 
tions have been realized is another of the objects which this Paper 
is intended to show ; and lastly, it is hoped that the communication 
may partially fill a void which has hitherto existed in the published 
information, and hence supply general knowledge upon an im- 
portant process, and upon a series of imjirovements in plant em- 
ployed for the manufacture of the very highest qualities of mild 
steel. 

Unsoundxess of Steel Ingots. 

Before proceeding to a description of the plant, the conduct of 
the operation, and the effect of fluid comxiression upon steel, a few 
words upon the necessity for some such oi)eration may not be out 
of jilace. But in treating this xireliminary matter, the Author 
will endeavour to avoid the introduction of matter calculated to 
raise any discussion of a strictly chemical character. Further, 
the remarks now offered are confined more j^articularly to those 
classes of steel whose quality, tem2>or, and composition fit them 
for use in the construction of ordnance, large crank and 2)rox^ellcr 
shafts, or other heavy forgings, as also of cylinder liners, axles, 
torpedoes, and war material generally, but do not necessarily, or 
in their full force, always apply to the qualities and requiro- 
jnents of steel as used for rails, tires, or the general run of 
rolling-mill products. 

It is usually accepted that molten steels, especially such mild 
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steels as contain not more than 0*5 2 >er cent, of carbon, when 
received in the ladle or monld from either the Bessemer converter, 
the Siemens furnace, or from the crucible, possess the power of 
occluding or holding in solution a considerable volume of such gases 
as hydrogen, nitrogen, carbonic oxide, and carbonic anhydride, 
derived from the products of combustion in the furnace ; whilst 
possibly a further portion of gas is carried mechanically into the 
mould by the stream of metal as it runs from the ladle. Of this 
latter, doubtless, in a well-cast ingot much of it would again 
escape from the metal. 

The occluded gases are supposed to be eliminated only at the 
moment when the metal changes from the liquid to the solid 
condition, as occurs in the oft-quoted and well-authenticated 
examples of hydrogen from platinum, of carbonic oxide from 
palladium, and of oxygen from silver under like conditions ; 
but in the case of steel, the gases so liberated being unable 
readily to escape from the solidifying mass, attach tliemselves to 
the particles of steel, and are imprisoned possibly in a high state 
of tension, and occur in the form of bubbles throughout thejmass 
as the metal solidities, the surface of tlie bubble-sliaped cavities 
being generally almost silver- white in colour. The extent to 
which such blow-holes, as they are called, occur in steel ingots, 
ajipears to vary in some inverse ratio to the rapidity with which 
tlie ingot cools ; the longer the interval between the commence- 
ment of solidification and its comjdetion, the more complete and 
larger is the separation of the gases, as judged by the unsoundness 
<^f the ingot afterwards. It is also suggested that in the Bessemer 
and Siemens processes, beyond the eliinination of occluded gases, 
there may probably be a continuation, after the metal has run into 
the mould, of the reaction between oxides of iron dissolved or 
otherwise j^resent in the metal as tapped from the furnace, and 
tlie carburized manganiferous compounds, spiegeleisen, ferro-man- 
ganese, &c., added in the last stage of the manufacture, whereby 
a small evolution of gases may occur after the metal has partially 
solidified ; but if this be so, it follows that such gases can only be 
cither very small in amount, or are again finally occluded by the 
iiietal and do not evidence tliemselves after complete solidification, 
since the gases occupying the blow-holes in steel consist of some 
78*5 per cent, of hydrogen with 20*5 jicr cent, of nitrogen, 
and only 0 • 2 per cent, of carbonic anhydride with 0 * 8 per cent, 
of carbonic oxide, as first shown by l^ofessor Muller. ^ Hence, if 

* Minutes of Proceedings Inst. C.E., vol. Ivi. p. 360, and vol. lx. 495 ,* or 
Beriohtc der deutschen chemisclien Gesellschaft, No. 1, 1879. 
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tine two last mentioned gases are present in the molten steel to any 
oonsiderable extent, it follows cither that they always escape, or 
otherwise remain largely occluded in the metal after solidification ; 
while the hydrogen and nitrogen are either not occluded by the 
solid metal, or are so in a lesser degree than hy the fluid steel, and 
hence their predominance in the blow-holes of stool ingots. 

Beyond the blow-holes formed as just described, there arc probably 
other sources of unsoundness, like the porositj’' or sponginess and 
piping that occur towards the axis and head of the ingot, and 
which are probably due to the outer skin of the ingot first solidifying 
and contracting, whilst the interior still remains fluid. But as 
the interior subsequently solidifies and cools, it w^ould contract 
towards the outer walls of the ingot, and thus leave otlier (con- 
traction) cavities towards the central axis of the same. 

It is further noticeable that the milder and more ductile the 
metal, or the greater its freedom from elements other than its 
fundamental constituents, iron and carbon, so is tliis tendency to 
general unsoundness increased. So also each increase in the diameter 
of the ingot, whereby solidification of the fluid metal is delayeil, 
increases the difficulties of producing comx)aratively sound ingots, 
since all external cooling influences, both natural (as from the 
metal of the mould), or artificial (as by the application of water- 
jackets or the use of variously formed moulds), are corres 2 )ondingly 
less effective in promoting the desired object. 

The extent of the unsoundness in mild steel ingots, by wdiich is 
here meant the volume of the blow'-holcs, honey-comb and pi])ing, 
which would be presented in an ingot cast under the identical 
conditions w'liicli prevail wliere hydraulic ])ressure is applied to the 
fluid metal, but without tlie application ot sucli pressure, amounts, 
as determined by the difference in volume of the ingots as prcsseil 
and unpressed, to from 8 ]>er cent, to 12 j)er cent, of the total 
volume of the ingot w'hen cold, and so rendering corrections 
for contraction practically unnecessars’. 

Whether the theories just enunciated l)e true or not, the tinsound- 
ness which occurs in steel ingots, as s]jow n ]>y Tig. 1, and by tlie 
samples of small and large ingots exhibited, which rej>rescnt ingots 
equal to, if not above, tlie average production, is the subject of very 
oonsiderable trouble and loss to the st(‘el manufacturer. The form 
which the unsoundness j>resents varies t*onsid(‘rably ; it may form 
a single longitudinal piiie surrounded by bubbles, or at other times 
the bubbles may lie concentrated into a pear-shaped chamber of con- 
siderable dimensions, surrounded liy unsound metal with other 
smaller cavities, or bubbles irregularly distributed around and 
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below the apex of the cone ; or again, the bubbles or blow-holes 
may be of varying size, and irregularly distributed throughout 
the whole mass of the ingot. But they are usually largely oon- 
OTutrated towards the upper end or head of the ingot, so that large 
ingots of mild steel of either Bessemer, open-hearth or crucible 
manufacture, and of a quality suited for ordnance purposes, when 

Fro. 1 

^ 30 75 iiichc.8 — ♦ 



cast in the ordinary opon-topped moulds without pressure, present 
such a concentration of irregularly dibtiibuted hlow-holes in the 
part of the ingot that it is always necessary to reject from 
30 per cent, to 35 per cent , and not unlrequently 50 per cent., of 
the metal from the top end, and this amount rej>rosents therefore 
so much waste in the ingot. But besides this loss in head, tlie 
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impressed ingot usually, as shown in Fig. 1, presents a surfaoe 
porosity and acicular structure, the cells of which, unlike the 
silver-wliite bubble-shaped cavities already spoken of, often have 
an oxidized or iridescent appearance. This weak structure and un- 
soundness will sometimes extend over the surface for the whole 
length, as also over the bottom, of the ingot, penetrating to a depth 
varying from 1 inch to 3 inches from the surface, according to 
the size of ingot, the conditions of casting, as to temperature, &c., 
to the nature of the mould and its coating, and also to the 
quality of the steel. This kind of unsoundness and defective 
structure renders the surface of such ingots weak under tensile- 
stresses, while forgings from the same are roaky, seamy and unclean 
from the hammering out and imperfect closure of the surface honey- 
comb; hence amounts, varying from 10 to 20 per cent., have to be 
allowed in the w^eight of such forgings for turning and general 
machining, before clean forgings of the requisite strength can be 
ensured. The unsoundness extends towards the centre, in the 
30* 75-inch ingot represented in Fig. 1, to about 3 inches from the 
surface, both at the sidesland over the bottom of the ingot. 

Fig. 1 represents the condition of the average unpressed ingot, 
but with other tempers of steel, and less favourable conditions of 
the metal when cast, very frequently larger, and occasionally 
smaller, losses may occur •-from unsoundness ; thus with badly 
melted or badly cast crucible metal, the whole ingot may become 
so unsound as to necessitate its entire rejection. In rails of Bes- 
semer steel, rolled ifrom ingots 14 inches square in cross section, 
where the rolling effaces sufficiently for rail purposes the evidences 
of a considerable proportion of the unsoundness, the croppings 
which arise from original unsoundness still amount to some 8 
]>er cent, of the original ingot. In the manufacture of steel 
castings, all are familiar* wdth the large amount of scrap produced 
in the form of casting Jheads, risers, and so on, where solidity of 
casting and mild temper of steel are required. Mr. Seebohm, in 
a lecture delivered in 1881, before the Cutlers Company, gave his 
experience in trying to make gun-barrels of Bessemer steel. He 
said : “ If the steel was soft enough to stand the test, I had to 
break up 40 per cent, to 50 per cent, of the barrels for scrap, 
because they were unsound. If the barrels were sound they were 
so hard that they would not stand the test.” Sir Joseph Whit- 
worth has said, in “ Guns and Steel,” ^ that he was induced to 

* MiscellancouB Papers on Mechanical Subjects. Guns and Steel, by Sir 
Joseph Whitworth, Bart., London, 1873. 
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take up the manufacture of steel, and thus of the x>rocess for 
submitting ductile steel when in its molten state to extreme pres- 
sure, by the difficulty he experienced in obtaining sound and ductile 
steel for the material of rifled guns ; and a short perusal of the Patent 
Office specifications is sufficient to show that the unsoundness of 
mild steel ingots, especially of largo size, is now and must have 
been a generally accepted fact from an early period. For names like 
those of Bessemer, Siemens, Whitworth, Krupp and numerous 
other manufacturers frequently appear witli arrangements for 
applying pressure in some form or another to the fluid metal, in 
order to overcome the difficulty. 

Blow-holes in steel ingots are not eradicated, nor j^erhaps is their 
volume seriously diminished, by the work of forging the metal, 
except at the surface, where during working the holes more or less 
break out, x)rod\icing the surface defects already referred to, while 
the cavities in the interior of the ingot are probably only drawn 
out. This has been shown by Mr. B. Ohernoff ^ in Fig. 2, which 

Fig. 2. 


represents to half size a radial section cut across a gnu forging from 
the bore towards the jacket, where local cavities are distinctly seen ; 
but they are all elongated by the forging in the direction of the 
axis of the ingot, and are more strongly marked towards the bore* 
or centre of the ingot, the ingot being of ordinary unj)ressed gun 
material. 

Methods employed ior improving hie Soundness of Mild 
Steel Ingots. 

To save the invariable loss from the unsoundness due to gas bubbles- 
and contraction cavities, and therefore also the want of homo- 
geneity and reliability of mild steel ingots as cast in the ordinary 
fashion, together with the hope, at the same time, of improving the 
quality, increasing the strength and the ductility of the metal> 
have long exercised the minds of steel-makers, and increasingly so 

' Chemoff, “ On tho Structure of Cast-Stccl Ingotb.” Read before the Imperial 
Russian Technical Society, 2nd December, 1878, and tmnblated by Mr. W. 
Anderson, M. Inst. O.E. [Inst. O.E. Tracts, 8vo , vol. 324.] 
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with the demand for larger masses of mild steel for constructive 
pnrposes. The Author is not unmindful that much can be done to 
promote the solidity of steel ingots, especially of small size, by 
careful attention to the melting (dead-melting), observance of the 
temperature at which the metal is run, the method of running, the 
preparation of the moulds, the ratio of length to diameter of ingot, 
and even by a judicious selection of the mixtures of materials for 
the furnace or crucible charge. But after all precautions. Fig. 1 
still represents the average condition of the product where large 
ingots of mild steel are the desideratum. 

Of the various proposed methods of procedure, having for their 
special object the production of ingots free from blow-holes, &o., it 
will not here be necessary to refer to more than two classes : viz., 
the chemical and the mechanical, or occasionally combinations of 
the two. 

Of the methods depending (for whatever measure of success has 
attended their application) u 2 >on an increase in the proportion of, 
or introduction of, foreign matters into steel, the most notable are 
those in whicli silicon, manganese and aluminium are em^doyed. It 
is an accepted fact that the introduction of manganese tends to 
promote freedom from blow-holes, but it has also the effect of 
hardening, lowering the ductility and general reliability of the 
metal, so much so that few engineers are to bo found who will 
acquiesce in the introduction of more than a small quantity (quite 
insufficient to ensure sound ingots) of manganese into steel for any 
of the applications to wliich the Author has referred. The effect 
of an increased content of manganese appears to induce a tendency 
for the bubbles to concentrate themselves towards the axis of the 
ingot rather than towards its surface. 

The Author’s experience of the effect of silicon uj^on mild steel 
is that it distinctly hardens or increases the tensile-strength and 
raises the elastic limit of the metal ; but it reduces the ductility 
nnd the amount of contraction in area before fracture occurs. The 
fracture is also more uneven, and marked by transverse ridges ; 
while the unsoundness tends to concentrate itself along the outer 
surfaces of the casting. The use of silicon has been exceedingly 
beneficial in some departments of the steel industry, especially in 
the casting departments, and it is, therefore, more advocated than 
manganese or other alloys ; but, accepting silicon as perhaps a 
necessary evil in the production of steel castings, the Author is 
disposed to admit the position that the less silicon in the steel for 
a gun, a shaft, projectile or an armour-i)late, the safer is the user 
of the material against unexpected disaster from his own weapons ; 
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and, notwithstanding the advocacy of certain foreign engineers 
and metallurgists, it is difficult to conceive that a siliceous steel, 
even though sound and of a mild temper, will ever be> extensively 
adopted for the purposes before mentioned, so long as a sound and 
practically homogeneous material is obtainable without the use of 
silicon. 

It has been suggested that the addition of a material which 
lowered the melting-point and increased the fluidity of molten 
steel would promote the elimination of gases and the freedom of 
the ingot from blow-holes. With this object aluminium has been 
introduced into the metal, and experiments are still being pursued 
upon this subject both in this country and upon the continent, but 
as yet the experience and data available are insufficient to decide 
the question. 

Of the mechanical methods, or such as aim at the production of 
solid ingots of steel without altering the chemical composition of 
the metal, it will here only be possible to name a few of the more 
prominent types, and without always identifying them by specific 
names. To this class of proposals belong the methods in which 
external cooling is promoted by the application of steam or water 
upon the outsides of the moulds, or by water-jacketing the same ; 
or else by alterations in the form and relative thicknesses of the 
sides of the moulds ; then there are various proposals for agitating 
the metal during solidification, as by simply tapping the sides of 
the moulds with hammers ; agitation after the manner proposed 
by Mr. Chernofl* and others. For special forms a whirling motion, 
such as that suggested by Mr. F. W. Webb, has been tried, and 
even subjecting fluid steel to a vacuum has not been without 
advocates ; whilst 2)roiiosals for the production of complete solidity, 
homogeneity, and by inference therefore of greater uniformity and 
reliability, more ductility and a slightly increased tensile-strength 
of metal for any definite chemical composition, by the direct 
application of pressure a])plied in various forms to the surface of 
the fluid metal in tlie mould, have been made and tried by numerous 
inventors both before and since Sir Joseidi Whitworth’s success. 
With the practical conduct of some of these ex2>erimental trials the 
Author lias been associated ; but, with the exce])tion of fluid 
compression, in which hydraulic j^^essuro is used, all have, the 
Author believes, signally failed from i)ractical difficulties attending 
their application and tlie totally inadequate 2>rossures employed. 
Thus Mr. Jonos^ 2)roposed, and tried at various works in America 


^ Of the Edgar Thompson Stool Works, U.S. 
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and in this country, a method for the compression of fluid steel by 
the direct application of steam, at a pressure of from 80 lbs. to 
250 lbs. per square inch, to the U 2 )per surface of the fluid metal in a 
suitable mould. Almost simultaneously a similar device was tried 
in France ; another analogous proposal from America is to inject 
water through the cover of the ingot mould on to tlie heated metal, 
the steam so generated being su 2 > 2 )osed to act as before, only with 
greater efficiency. It has been proposed to introduce beneath the 
cover of a closed top mould, and upon the top of the metal, ex- 
jdosives, like mixtures of charcoal and nitre or of other chemicals, 
which, under the influence of heat, decompose and produce the 
desired gaseous pressure. Solid carbonic anhydride has also been 
tried with the same object, but all such atteni 2 ^ts to obtain solid ingots 
have proved abortive ; and they serve only to show that neither the 
intensity of the pressure required, nor the interval for which it 
must be continuously applied, in order to 2 >roduco sound ingots of 
even moderate dimensions, had been ap 2 >reciated. The mechanical 
difficulty of constructing moulds and connections which, whilst 
containing fluid steel, should remain gas-tight, and the difficulty 
of providing a gaseorus body which would remain gaseous at any 
approach to the 2 )X‘ 0 ssures necessary for ensuring soundness of the 
ingot, would appear to warrant the conclusion that failure was in- 
evitable in all such cases. It appears certain from these experi- 
ments, however, that any process which causes 2 )ressure to be exerted 
over the surface of the fluid metal, will, according to the prompt- 
ness with which it acts, and the intensity of the 23ressures attained, 
2 )roduce ingots less honey-combed than where such pressure has not 
been a 2 > 2 )li©d ; but for the 2 >roduction of ingots ))ractically sound 
and free from blow-holes and contraction cavities, hydraulic pres- 
sure alone appears to have been effective. In a recent experiment,^ 
it was shown that whereas a pressure of 12,000 lbs. 2 )er square inch 
on an ingot 3*5 inches square did not 2 ^roduco solidity, yet a 
20,000-lb. pressure ensured a perfectly sound ingot. Experience 
with the hydraulic 2 ^ress shows, however, that an improved 
2 >roduct, free from weak acicular structure and of almost 2 ^©rfect 
solidity, can bo obtained with a 2 >ressure of from 2 to 0 tons 
j)er square inch upon the surface of the fluid metal, according 
to the size of the ingot and other conditions; but for absolute 
solidity, in some cases even 1 5 or 20 tons pressure jycT square inch 
on the surface of the fluid metal is necessary. 
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The method now known as Fluid Compression ” was proposed 
by Mr., now Sir Henry, Bessemer, in 1856 ; but it is to Sir J- 
Whitworth and Co. that the development of the plant and the 
demonstration that the method could be carried to a successful 
practical and commercial issue, are largely due. It was only in 
1866 (the date of Sir Joseph Wliitworth’s first patent on the 
subject), or even subsequent to this, that fiuid compressed steel 
became obtainable as a regular and marketable commodity. The 
process is hence now generally known as Whitworth’s method for 
the fiuid compression of steel, and, despite its many advantages 
for heavy high-class work, yet the actual working of the process 
upon the large scale is still confined to the works at Manchester 
and to the Abouchoff works in 8t. Petersburg, at botli of which it 
is in daily operation to the entire satisfaction of those directly 
concerned. It is upon personal experience of the practice, and 
of experiments conducted princix)ally, although not entirely, at Man- 
chester and St. Petersburg, that the conclusions arrived at in this 
Paper have been deduced. The subsequent description of x)lant for 
the fluid compression of steel, and of the exhaustive tests which 
are herewith included. Appendixes I, II, HI, IV, V, VI, VII, 
VIII, have reference x)rincipally to the conduct of tlie o])eration 
and product j)roduced at the Abouchoff Works, and which the 
Author is x)ermitted to xmblish by the courtesy of Admiral 
Kolokoltzoff, I.P.N. 


The Hydraulic 1’rlss, Moulds, axd Plant ior the Fluid 
C oMniEssiON OF Steel by Hydraulic Pressure. 

The ordinary oxien-toxijied moulds in which ingots of large size 
are cast, when not subjected to sjiecial external ])ressuro, consist 
usually of a cast-iron casing, with a small taper from the toj) to 
the bottom, so as to allow of its ready subsequent stripping from 
the cast ingot. This casing stands, as shown at M in Plate 1, Figs. 1 
and 2, upon a massive cast-iron l)ottom or base, uj)on which the 
molten metal falls during the first stage of the casting oj)eration. 
8uch moulds, after coating with a wash of .blacklead or of lime, 
are carefully dried and warmed, an<l are then ready for receiving 
the molten metal. At other times such cast-iron moulds are 
rexdaced by wrought-iron casings, lined either with a thin layer 
of composition or of bricks, or first with bricks and then with 
composition over the inner surface. The coated mould is warmed 
as before, and is then ready for the reception of the metal. 
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Obviously such moulds as these would he inadequate if the metal 
were to be subjected while fluid to pressures amounting in the 
e^ggregate to thousands of tons. Accordingly, moulds constructed 
after the manner shown below, in Figs. 3 and 4, were designed. The 
mould is that in which the 34* 25-inch ingot, to be subsequently 
referred to, was cast. It consists of an inner forged steel casing, 

about 4 inches in thickness, which is usually 
rough turned and bored, with a slight taper 
from top to bottom. This cylinder 
supjiorted externally by a scries of other 
steel hoops, dropped on after the manner 
adopted in gun construction ; and a trun- 
nion ring is attached for lifting purposes. 
On the toj) and bottom of this built-up 
casing cast-iron guide-plates are fitted, the 
method of attaching these and of accurately 
centering them with the body of the mould 
being clearly shown. A bottom steel face- 
])late D fits easily into the lower guide- 
plate, and, when ])rc pared for casting, the 
upper surface of this face-plate is covered 
with burnt fire-day segments 5 inch or 
I inch in thickness. A similar laco-X)late 
F, also faced with l)aked fire-clay segments, 
f ! 6/ <*arried u])on the top plunger of tlie 

rf /£! jf- ]»ress, and fits easily into the U 2 :>])er guide- 

^ ^ ' r ])late. The mould is lined tlirougliout with 

V narrow cast-iron laggings, the angles at the 

l)ack edges of vhich are cliamfered off s>o 
as to leave vertical 2>ii'‘=5‘='ages uj) the back 
of the lags from to]> to bottom of the 
mould. Communication between the fice of the lags and these 
vertical channels is afforded by grooves across the edges of the 
lags from back to front, while in the top and bottom guide- 
plates are grooves into which tliese vertical channels o 2 >en. Holes 
drilled through the guide-jdates into tlie grooves pist mentioned 
afford free communication between the back of the lags and the 
atmosphere, for the esca 2)0 of gases, va 2 )ours or metallic rain. 
During the 023eration of fluid coni 2 )ression gases continue for some 


time to burn from these vents, and a fine metallic rain also escapes 
from them. The cast-iron lags are lined with a highly refractory^ 
composition, from § inch to 5 inch thick, consisting of a mixture 
of rock ganister, old i^ots freed from slag, along with a little 
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blacklead and china-clay. This mixture in a damp state is care- 
fully applied to the surface of the lap^s, stricklod and smoothed 
over its surface, and finally washed with a blacklead wash. After 
the whole has been carefully dried and warmed, the mould is 
placed in position ready for the reception of the metal. 

The moulds just described are much more costly in first outlay 
than the cast-iron moulds, or wrought-iroii casings previously 
spoken of, and they form an important and significant item in 
the first installation of the necessary plant; but the subsequent 
charges for labour, lags, &c., in the prej^aration of the moulds, does 
not exceed that incurred in the x>reparation of a cast- or wrought- 
iron mould lined with brick or comj)osition ; nor does the time 
occupied in the getting uj) of a mould exceed tliat necessary for 
tlie preparation of the ordinary lined mould. 


The IIyduaulic Press for the Compressiov of Fj.utd Steel. 

In tracing Taj)idly the development of the hydraulic press as 
applied to the compression of steel, it is only intended to notice 
the more prominent features of the growth of the ])lant, which 
commenced aljout tlie year 1806, by the erection in tlie works 
of Sir Joseph Wlntwortli and CV)., Limited, of a ])ress with 
a cylinder 12 inches in diameter, capable of exerting a gross 
X^ressure of about 200 tons, and culminating by the Author’s con- 
structing and working at the Abouchoff Works, St. Peters- 
burg, entirely with Jtussian labour and Jtussian manipulated 
materials, a i)ress witli a 50-inch cylinder, or 10,000 tons gross 
ca])acity, and wliicli is one of the largest j)resses yet erected 
for tliis jHir^iose. This machine made its first cast, exerting a 
pressure of S,000 tons, before a large gathering on tlie 10th of 
October, 1878, since which date the ]>ress and its accessories have 
been and are at regular work to the entire satisfaction of those 
concerned. 

Plate 1, Figs. 3, 4, 5, show the earliest j)ress of Sir Joseph 
Whitworth, j)atented in 186(5, which was erected in the works 
especially for the fluid comx)rcssion of the steel required for armour- 
piercing steel shells. The first trials showed, however, that the 
l>rossures contemplated were totally inadequate, and ‘that the idea 
of running the fluid metal into the mould, and then forcing into 
it a core having approximately the internal form of the shell, and 
lastly, of subjecting the metal to still further hydraulic pressure 
in such a mould was impracticable. This early press had two steel 
columns, upon which were cut over the upper halves of their 
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length a series of parallel undercut V-threads or grooves. These 
columns were secured to a cast-iron base D, which carried a steel 
pressing-cylinder with its cast-iron ram P. Capable of moving 
over the upper half of the length of the columns, or of being 
firmly secured thereto, was a head E, which carried the hydraulic 
cylinder, ram and tackle for forcing the core, C, of the shell or hoop 
casting into the fl.uid metal, as well as the arrangements for closing 
the mouth of the mould containing the fluid metal. The ram in 
the upper head was capable of a vertical adjustment to suit the 
various lengths of cores, and the head itself could be raised or 
lowered by lifting arrangements connected with the shackle shown. 
In order to fix tljie upper head to the columns at any height, so 
as to receive the vertical thrust of the bottom or pressing-ram, split 
nuts, N N, wore fitted to the columns, as showm in Plato 1, Figs. 3 
and 4, and upon each half-nut w’^ero cast two lateral bosses, which 
were bored out and cut with screw-threads, the thread in the one 
half-nut being right-handed, and that in the other half-nut of each 
pair left-handed. Through these passed short horizontal shafts, 
screwed in a like manner, so that as the shafts are made to revolve 
in the one direction or the other, so the two halves of each nut 
cither close together, so as to embrace the columns, or open out so 
that the head can be freely moved vertically, as may be required. 
The simultaneous movement of the four screws necessary to 
operate the two nuts was efibeted by fixing ui)on the end of each 
of the two horizontal shafts a s^mr-pinion, S, whilst a sjmr-wheel, 
T, is placed in gear with the two, so that, as shown in the diagram, 
a small movement of the hand-lever, L, and its connecting links 
suffices to o])Cii or close the nuts simultaneously. 

Between the upper head E, and the low^er head D, was a third 
head whicli, wdien in position for pressing, has its central vertical 
axis coincident wuth tliat of the core on the up 2 )er liead and of the 
pressing-ram below'-. This middle head contains the steel mould, with 
its cast-iron lining, and inner coating of comj^osition, as 2)repared 
for the recej3tion of the fluid metal, and the head can be freed from 
one column and revolved u 2 )on the other as u 2 >on the ]>ost of a crane, 
Plate 1, Fig. 5. Tlie head is thus revolved around tlie one column 
to receive its charge of fluid metal, after w^hich it is revolved back 
over the to2) of the 2 iressing-ram. The hydraulic ram in the U 2 )per 
head E then descends, and forces the clay-coated core C into the 
fluid metal, its U 2 >per facing also closing the mouth of the mould 
completely. The to2> ram, or core-plunger, is then locked wdth a 
split nut, worked by the hand-wheel W, shown in elevation, Plate 1, 
Pig. 3, and the higher pressure of the lower ram is put upon the 
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metal. The duration of the pressure varied with the size of the 
casting ; but, with a shell of 150 lbs. weight. Sir Joseph Whitworth 
stated that the i^ressure should remain on for about eight minutes, 
after which the core was withdrawn, but the end-pressure was 
continued until the metal was finally sot, and sufficiently cooled 
to prevent damage arising from contraction, and the development 
of injurious internal stresses. 

The next press was the much more useful, powerful, and success- 
ful arrangement, the special features of which are shown in Plate 1, 
Figs. 6, 7 and 8. The press, generally known as the Whitworth 
2,000-ton casting-press, had two steel columns, traversed over the 
greater part of their lengths with a series of undercut horizontal 
grooves or threads. These columns were secured to a massive 
cast-iron foundation or base ; surmounting the columns were cast- 
iron eax^s, on the faces of which steel x>lates were bolted to form 
the top head of the press. On this head was carried a heavy 
cylindrical iron casting, which itself supx)ortod a steel hydraulic 
lifting cylinder and ram. The lifting-ram was coux)led by pins 
with lugs on the middle or movable head M, Plate 1, Fig. 8. 
The movable head could be raised or lowered as required by the 
upper lifting cylinder, and was arranged to slide freely along 
the columns, except when locked against them by the locking-nuts, 
N N. These were each made in two halves, and through two 
lateral bosses, B B, cast on each half-nut, was a screw-thread, right- 
handed in the bosses of one half, and left-handed in the bosses of 
the other half of each nut. Two horizontal shafts, screwed in like 
manner to fit the threads in the bosses of the locking-nuts, passed 
through the same, so that, according to the direction in which the 
shafts are revolved, the two halves of each nut are drawn together 
and fixed against the column, or are separated so as to free the 
column, and permit of an unobstructed vertical movement of the 
head. Keyed to the end of each of the screwed shafts is a spur- 
pinion S, and between each pair of spur-pinions is a spur-wheel, T. 
The latter revolves freely on a stud carried upon a slide, which 
permits of a slight vertical movement along a vertical plate carried 
upon the moving head. The boss of the spur-wheel, T, is prolonged 
for the insertion of four wrought-iron arms, constituting a hand- 
wheel, so that, whenever it is necessary to raise or lower the head, 
this wheel T is revolved, and with it the spur-wheels, and so the 
screws. In this manner the two halves of each locking-nut are 
separated, and their threads freed from the columns, whereby the 
head can be raised or lowered by the lifting-ram to any height 
corresponding to the varying lengths of the moulds ; and then, by 
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X6versing the direction of rotation of the hand-wheel, the two 
halves of each split nut, N, arc drawn together, and so made to 
embrace the columns, whereby further movement of the head is 
prevented. The pressing-cylinder with this press was 30 inches 
in diameter, and stood upon the base or foundation of the press ; 
while the top plunger for closing the upper end of the mould was 
carried by the movable head as shown, so that in this, as in the 
other cases, the hydraulic pressure acted from the bottom against 
a top resistance. The method of casting, the manipulation of the 
press, the conduct of the pressing oj^erations, and the phenomena 
observed, are practically the same with this press as with the 
larger ones to be subsequently described. 

The success which attended the working of the last-mentioned 
press led to the design and construction, by Sir Josej)!! Whitworth 
and Oo., of the larger or 8,000-ton press, Plate 1, Figs. 9, 10 and 11. 
This press lias four steel columns, each 14 inches in diameter, 
traversed over the greater 2 >art of their lengtli with a square screw- 
thread. The columns are secured to a massive cast-iron base, or 
foundation; and surmounting the columns is another cast-iron 
head for carrying the hydraulic cylinder used for lifting and 
lowering the middle or moving head. The toji-head also carries 
the somewhat complex arrangement of wheels and nuts, shown in 
Plate 1, Figs. 9 and 11, for locking the movable head at any desired 
height upon the columns. The intermediate movable head is thus 
capable of vortical adjustment as may bo required for the reception 
under the press, between the bottom pressing cylinders, and the 
top jdunger carried on the moving head, of moulds of variable 
lengths. The lifting of the 3iead is effected by a hydraulic 
cylinder carried upon the fixed head, the lam or 2 )istou P of 
which is coupled to the moving head M. Ui)on each of the main 
screwed columns is a locking-nut A, whicli can l)e arranged so as 
to revolve freely and automatically just clear of the head, as the 
latter ascends or descends. These same nuts wlien revolved inde- 
pendently of the moving head come firmly into contact with the 
head, and lock it securely against the columns during the operation 
of the bottom or pressing-rams. The method and mechanism for 
operating these locking nuts constitutes the special feature of this 
press, and it is as follows : There are two vertical quick-pitch 
screws B B, secured at one end to the movable head, while the 
other or free end passes vertically through long gun-metal nuts 
C, carried in the fixed head, Plate 1, Figs. 9 and 10. The nuts, C, 
are free to revolve, although they cannot ascend or descend through 
the head. They also form the elongated bosses of the spur-wheels 
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S, which in their turn gear into spur-wheels X, which slide upon a 
key in the vertical shafts L. One of these shafts passes through the 
top head, or table between the two end columns, and its lower 
extremity rests in a stop on the moving head. To the lower end 
of each of these shafts, L, is keyed a steel spur-wheel, W, which 
gears into and rotates each of two similar wheels carried on the 
periphery of the locking nuts, whereby it follows that as the 
movable head is raised through the operation of the lifting ram P, 
the quick-pitch screws B ascend through, and rotate the nuts C, 
and with them the spur-wheels X, which in their turn drive the 
spur-wheels carried on the shaft B, and the rotation of tlie latter 
is transmitted to the loeking-nuts A of the press, whic*h tlnis rotate 
automatically at a fixed distance in front of or behind tlie head^ 
according as the latter is ascending or descending. 

In order to lock tlie nuts and hold the moving head in anj’* 
position during the application of the jiressure from below, it is. 
necessary to rotate the locking nuts so that they shall come fairly 
into contact with the head, and this is effecteil through a band 
inilley Z, keyed to a horizontal shaft running across the to]) table, 
upon which are worms, U, gearing with the worm-wheels V, Jdate 1, 
Pigs. 10 and 11, the latter forming the head of a sleeve, which is 
screwed as shown on its outer surface, and through which the nuts 
pass. Thus, by rotating tlie pulleys Z, and so the worms U, and worm- 
wheels Y, the nuts C, the wheels S and X, the shaft Ij, and therefore 
the locking-nuts A, are all revolved through a small distance, 
sufTicient to cause the nuts. A, to come firmly against the liead. 
Potation of the band-pulley Z in the reverse direction rejieats the 
above movements, except in the reverse direction, so that the nuts 
C revolve in the opposite direction, and travel upwards from the 
head into a position where they are not in contact with the head, 
but are thus free to revolve when pressure is ajiplied to the head 
to raise or lower it. This elaborate locking arrangement lias 
been very much simplified in the presses subsequently erected. 

To the lower side of the movable head is bolted the top plunger 
for closing the mouth of the mould, whilst the hydraulic pressure 
for the fluid compression is afforded through five hydraulic 
cylinders, namely, four cylinders each 28 inches in diameter, 
arranged around a central one 13 inches diameter. These cylinder^ 
all stand upon the planed surface of the foundation or base of 
the press, and operate against a solid cast-iron table or platform F,. 
upon which stands the mould containing the fluid steel. 

The 8,000-ton press last described remained for several years the 
representative of the most powerful press erected for the purpose, 

II 2 
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but it was placed second by the erection of a press at the Abouchoff 
Works, St. Petersburg, with 16-inch steel columns, and of 10,000 
tons gross capacity. This press is shown in front elevation in 
Plate 1, Fig. 12, in end elevation in Fig. 13. Fig. 14 is a plan on 
the top side of the fixed head. Fig. 15 shows the toi> side of the 
table, pressing-cylinder and base of the press ; while the details of 
the construction of the pressing-cylinder are shown in Fig. 5, p. 102. 
Like its predecessor this is a four-column press ; its steel columns 
being 1 6 inches in diameter, secured by nuts to the heavy cast-iron 
foundation. The upper head is also of cast-iron, and carries the 
two lifting-cylinders, with their rams and cross-heads. From each 
cross-head liangs a pair of suspension rods, the lower extremities of 
which are couj)led to the movable head of the press. The columns 
are screwed over the greater j)art of their length with a square 
thread. The locking-nuts N are of cast-iron, fitted upon their 
upper edge with a steel spur-wheel annulus, P. The revolving and 
travelling of these nuts along the columns automatically, in front 
of or behind the ascending or descending movable head as the 
latter is raised by the two lifting-rams, is effected by the two 
square-threaded left-handed screws S, which stand vertically and 
centrally between the end columns, and pass through gun-metal 
nuts B, in the tophead, Plato 1, Figs. 13, 16, while the otlier ends 
of the screws are prolonged through the movable head to a foot- 
step Z, wliich thus receives the end thrust as the head is lifted. 
These vertical sciewed-shafts S each carry a spur-wheel, K, which 
gears into a ])air of wheels P on the periphery of the corresponding 
pair of locking-nuts. A vertical movement of the gun-metal nuts B, 
in the uj)per liead, is prevented by shoulders on the top side, and 
by a disk or nut screwed on to its lower extremity against the 
lower surface of the head or table. On to the head of each of these 
nuts B is bolted a steel spur annulus Y, and tliese wheels respec- 
tively gear with the teeth on the two ends of a horizontal rack 
Bit, Plate 1, Figs. 12 and 14, capable of movement through a 
short (lateral distance under tlie action of a small horizontal double- 
acting hydraulic cylinder II, the ram or 2 )iston of which jjasses 
through glands in each end of the cylinder, and, by operating upon 
projecting horns on the above-mentioned rack B, can thus be made 
to drive the rack in either direction. 

By the simple locking arrangement shown at L, Plate 1, Fig. 13, 
when the movable head is not resting uj>on the stops, shown around 
the lower ends of the columns, but is sus 2 )ended at any vertical 
height along the columns, the pressure in the lifting-cylinders 
may be relieved, after tightly gripping the screwed-shaft S so that 
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its revolution is prevented ; since the head can be neither raised 
nor lowered unless these screw-shafts are allowed to revolve and 
ascend through the nuts B. The other details of the press are all 
simple, and the number of parts in the press is altogether ex- 
ceedingly small. 

The movement of the head, carrying as before the top 2)lunger, is 
thus effected : — The locking-nuts N are first moved for ^ inch 
or J inch in front of the head, by the rack R, which is driven 
by the hydraulic piston II in the required direction, whereby the 
nuts B are revolved through a small arc ; but, since the nuts cannot 
ascend upon the screwed-shafts, the latter are necessarily rotated 
to a small extent, and so also the wlieels K wliich they carry, and 
hence the locking-nuts are rotated through tlie required distance. 
The nuts B are now held firmly by the hydraulic piston and the 
rack, so that, as the movable head is raised by the lifting-rams, 
the pressure between the ends of the screwed-shafts S and their steps 
Z, causes the shafts to ascend through the fixed nuts B ; the shafts 
are thus revolved and so rotate the locking-nuts N, thereby keeping 
them regularly at the fixed and constant distance clear of the head. 
In like manner, when the movable head is allowed to descend, its 
weight is sufficient to cause the screwed-shafts S, and therefore 
the locking-nuts N, to revolve and hence to traverse the columns 
in the reverse direction, following the head at a constant interval. 
When the head has reached its final 2 )osition, and its weight has 
been received upon the fluid metal, so that the latter is ready to 
receive the i)res&ure from below, it is necessary to lock the head in 
that position ; for this purpose the water-pressure is admitted to 
the opposite side of the top hydraulic piston II, so as to move the 
rack, the wheels, nuts, and screws in the opposite direction as 
required to rotate the locking-nuts N, into firm contact ith the 
face of the movable head, under which conditions the j^^^ssure 
from below cannot afterwards raise the head. 

Around the lower ends of the columns are bolted cast-iron stops, 
upon which the head is lowered and rests when not at work. 
Unlike the other presses, this has a single pressing-cylinder and 
ram notable for its large diameter, and for the high pressure at 
which it works. The cylinder, whk*h is 50 inches in internal 
diameter, is built up. Fig. 5, of steel hoops after the usual manner 
adopted in gun construction, and is lined with a gun-metal liner, 
the bottom being inserted from the inside. It constitutes, so far 
as the Author knows, the largest high-pressure hydraulic cylinder 
hitherto constructed. The cylinder stands ujjon the planed surface 
of the base of the press, and the water from the pumps or accu- 
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mnlator is admitted to it simultaneously through a pair of pipes 
on opposite sides of the cylinder. 

In working this press, an accumulator, loaded with cast-iron 
plates, so as to produce a pressure of 2 tons on the square inch, 
gives the ra 2 ) 3 d movements of the head of the press, of the lifts, 
cranes, &c., required during the nianipillation and movements 
involved in the transference of the metal from the furnace to the 
mould, and of the mould itself beneath the press. The engine 
employed at the Abouchoff Works was a simple high-pressure non- 
condensing engine, of German make, intended for other work 
besides diiving the pumps. The power was taken by a belt from 
the rim of tlie fly-wheel, 12 feet in diameter, on to an 8-feet pulley 
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on the pump-shaft, as shown in the general plan (Plate 1, I]igs. 1 
and 2). 

The pumps aie also capable of being thrown out of gear, so as 
to liberate the engine. The pumps are of forged steel, six in 
number, with rams of 2^ inches diameter and 4^ inches stroke, 
placed in two parallel rows on the top of a rectangular casting, 
which forms also the reservoir from which they take water. 
Between the two rows of pumps is a three-throw eccentric or 
crank-shaft, driven by gearing from the engine-shaft. The eccen- 
tric shaft gives a reciprocating motion to three sliding blocks, from 
which a jiair of links passes to the front end of each jmmp-ram, in 
4 such a manner that, whilst the pumps are at work, it is easy to 
, disconnect any one or more rams, according as the demand for 
water decreases, or repairs become necessary. 

The Author has not considered it desirable to burden this Paper 
with any description of the presses, nor of their action, in which 
two or more hydraulic rams were designed to operate simultaneously 
upon various points of a casting, such as a trunnion, or other forms 
which are not quite regular in shape. Such contrivances have met 
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with only limited degrees of success, and, so far as the Author 
knows, have been generally; abandoned in favour of a direct pressure 
acting upon the regular cylindrical form of ingot. 

In leaving the description of the plant, it is scarcely necessary 
to remark that the designs were carried out and framed to suit 
particular circumstances, the facilities and nature of the general 
surroundings, and largely, the i)redilections of the paymaster. 
Admirably as the plant has fulfilled its requirements, yet in now 
designs material modifications would bo effected in the proportions, 
detailed mechanism, and even general form of tlie press. 


General Arhancjements of the Plant at the Abouchoff Works. 

The method of working the plant will probably bo best under- 
stood after a consideration of the general arrangements of the plant, 
Plate 1, Figs. 1, 2, which arc a plan and vertical elevation (partly 
in section), respectively of this part of the Abouchoff Works, and 
which the Author hopes are almost self-explanatory. The press, 
P, stands in the centre of the steel-melting departments, consisting 
here of open-hearth furnaces, a crucible-steel department with coke- 
fires, and a department for crucible steel melted in gas-furnaces. 
It was thus in a position to receive the metal from any of these 
departments. In front of each of the Siemens furnaces is a cir- 
cular j)it, served by hydraulic and Iswing cranes, for manipulating 
the moulds, Ac., into which the metal is put when not required at 
the press. For ])ressing purposes, the steel is tapi)od from the 
open-hearth furnaces into the ladle, which is traversed along the 
rails by the hydraulic cai>stan C, to the turn-table T, from whence 
it passes along other rails, over the mould, which stands upon the 
hydraulic lift L, ready for the reception of the metal. There is a 
lift upon either side of the press, so tliat the steel from the furnaces 
B, or from tiie crucible department, can pass directly to the moulds 
placed on opposite sides of the press. In tlie long casting-pit, 
Plate 1, Figs. 1 and 2, is shown, standing in j)osition upon its bott<5ni 
block, an ordinary chill mould, M, ready to receive a charge when 
the metal is cast in the ordinary open-toi>ped mould without the 
application of jnessure. Tlie Figs, also show the 2 )osition of the 
engines, pumps, accumulator, and the arrangement of jiipes between 
them and the jiress, valve-house, Ac. The main pipes are all of 
forged steel, 4 inches in diameter, bored at the works, and coupled 
together, principally with screwed sleeve-couplings. The valve- 
house contains a horizontal cylinder, connected directly with the 
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pumps, and upon which, is a lever safety-valve, as also a pressure- 
gauge. Connected to this cylinder are all the valves and supply- 
pipes to the various parts of the press, lifts, cranes, rams for 
moving the moulds, <fec., whereby a single attendant can control 
the whole of the movements between the tapping of the metal 
into the mould, its insertion under the press, and the conduct of 
the pressing operation. The house also serves as a protection 
against the sliowers of sparks, &c., that frequently escape with 
considerable violence during the pressing of the fluid metal. 

This department of the works stands on low-lying ground close 
to the River Nova, and the foundations are accordingly swampy 
and always filled witli water. The press and lifts are therefore 
carried upon wooden piles, supporting a light masonry foundation, 
upon which the base of the press is fastened, by bolts passing 
through the stone-work to girders beneath. 

Of the two lines of pipes coming from the pumps to the valve- 
house, the one ultimately connected with the further end of the 
distributing cylinder in the valve-liouso passes alongside the press, 
where a valve is placed, by opening which the water will pass 
directly from the i)umj)S to the large pressing-cylinder; or by 
closing this valve the water then flows onwards past the )>ress to 
the cylinder in the valve-house, from whence it is distributed, as 
before mentioned, to tlie several cylinders as required for the 
different movements. During the actual pressing operation, the 
largo cylinder of the jiress is in direct communication with, and 
receives all the water from, the i)uiups, unless the workman 
watching the mould and the ]uessurc-gauge observes that the 
pressure is rising too higli, or with too much rapidity for the par- 
ticular ingot under operation, when he opens a valve in the valve- 
house by which the water is allowed to run to waste, and the 
pressure thus reduced. 


C^ONDUCT OF TITK PROCESS OF I^'LUID Co.AIPRKSSION. 

’ In the conduct of the operation, the mould liaAung been duly 
built up, lined with refractory materials, carefully dried and 
warmed, is placed in position upon tlie heavy cast-iron table, which 
stands for its reception upon the x>latform of the hydraulic lift, 
upon that side of the i)ress from wdiich the molten metal is to bo 
received. The whole is then raised until the platform stands level 
with the rails between the columns of the j)ress. By means of the* 
horusontal ram R, Plate 1, Fig. 2, the table and mould are next trans- 
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ferred beneath the press, during which motion the platform of 
the hydraulic lift rests upon four stops, which fall automatically 
into the proper position as the lift ascends. The mould is now 
carefully adjusted and fixed by lugs, so that it stands quite fair and 
concentric with the top plunger carried on the movable head of 
the press. This being effected, the operations are repeated in the 
reverse order, the mould is drawn back by the ram It on to the 
lift, which is then lowered to such a point that the top of the mould 
will stand just below the nozzle or tajvliolo of the ladle, in which 
position it awaits the arrival of the fluid metal. The ladle con- 
taining the molten metal from the furnace is now run over the top 
of the mould, and the metal tapped out in the usual manner. The 
ladle is afterwards quickly run back from the face of the i)ress, and 
the mould with its charge is raised to the j>roper level, so tliat, when 
the lift rests upon the four dogs just referred to, the horizontal 
hydraulic ram K advances, and juishes the mould and its carriage 
beneath the press against the already adjusted sto])S. When all 
hands have retired, the single attendant in the valve-house lowers 
the head of the 2 >ross, until the toj^ |)lunger is fairly in contact 
with the fluid metal in the mould, such contact being usually 
marked by a more or less abundant exjiulsion of metal from the 
toj) of the mould ; but, the toj) face-x^lato being only about inch 
less in diameter than the toj) guide-x>late of the mould, the clear- 
ance is tlius about inch all around, between the ram and the 
mould, and this is quickly filled and made into a tight joint by the 
chilling of the fluid metal as it esca])es through that sx)ace. The 
head of the x>ress, weighing about 50 tons, will for some seconds 
descend slowly ux^on the fluid metal ; after whicli the movable 
head is locked in x»osition by another valve, revolving the locking- 
nuts into firm contact with tlie head. All tliis is the work of only 
a few seconds, when the main valve alongside the x^i*css is opened, 
and the water passes direct from the x>Bmx)S into the lower or large 
pressing-cylinder. The ]>ressing-ram is moved ux> as raxndly as 
X>ossible, so long as the fluid metal can be kex^t within the mould. 
A too rax)id movement in the earlier stages is quickly indicated by 
the eseax^e of metal from the vents, and from around the edges of 
both the top and bottom x>lates of the mould. 

The attendant in tlie valve-house responds to an 

escax>o of metal, by very slightly dex)ressing the lever which he 
holds in his hand, and thereby allows the water to pass to waste 
for a few seconds only. The ingot shortens rax>idly during the 
first few minutes of the process and the maximum pressure which 
it is intended shall operate upon the ingot is attained as quickly 
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aa {K>ssibl6. After tlie first few minutes, but varying with the 
else of the ingots, the rate of reduction in length gradually 
decreases until, as the operation approaches completion, the shorten- 
ing per minute has become very small or has ceased altogether. 
As the rate of shortening becomes loss, a larger amount of water 
must either be allowed to run to waste, or as is more usual the 
speed of the engine is first reduced, and then the supply from the 
pumps is diminished by uncoupling two, three or more pump- 
rams, which can bo effected whilst the machinery is in motion. 

The closing of the top of the mould and the application of the 
pressure are at first attended with a large evolution and escape of 
combustible gases, which burn copiously in a series of jots, which 
from their roaring character are obviously under considerable 
pressure. These jets of pale blue flame, which appear at the vent 
holes and around the joints of the plates and the mould, at both 
the top and bottom of the casting, were formerly attributed wholly 
to the combustion of carbonic oxide; but from more recent 
observations the Author concludes that at least a considerable 
proportion of hydrogen is present, whilst the amount of such 
escaping gas is certainly much more than can readily bo conceived 
to arise from the expansion of atmospheric air enclosed in the 
interstitial spaces of the mould and its lining, or to any chemical 
reactions going on in the material of the lining under the influence 
of heat and the pressure applied. Not unfrequently, after the 
full pressure has been maintained for some four or five minutes, or 
upwards, there will bo one or more violent explosions accom- 
panied by loud reports, along with the ejection of sparks, shots 
and fine rain of metal in profusion ; the exit for such matters 
being in these circumstances obtained sometimes from the top, 
and at other times from the bottom vents and joints of the 
cover of the mould. That such explosive ejections are due to the 
escape of gases, 23reviously pent up within the metal, apjiears to 
the Author to be confirmed from the fact, that they are always 
accomimnied by a loud report, the result of the sudden expansion 
of gaseous matter ; and also that, if the attendant be sufficiently 
prompt on those occasions in opening the valve to waste, he can 
often prevent any stream or large volume of metal from being 
ejected, under which circumstances the explosions are accompanied 
by little more than a fine rain of metal and dust. Even when 
there has been an absence of all explosive action, the fluid com- 
pression is accompanied by a fine rain of metal which is carried out 
with the escaping gases and deposited on the top plate of the 
mould. 


m 
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The pressxixe is oontimied long after the visible escape of gases 
and rapid shortening of the ingot have ceased, or otherwise the 
metal in cooling might be exposed to severe internal stresses, 
which might result possibly in the production of cracks and 
fissures, and even fractures such as occur occasionally with un- 
pressed ingots. These internal stresses are met, however, and 
taken up to a very considerable extent by the external pressure 
applied to the metal during compression, so that as shown by the 
experiments of the late General Kalakoutsky, the pressed 

ingot, although not free from initial and injurious stresses, is to 
a less degree under the influence of such stresses than even many 
forgings are. Hence another cause for the immunity enjoyed by 
fluid-compressed ingots from the cracks, or fissures often produced, 
either explosively or otherwise, during the cooling down of ingots 
cast in open moulds without pressure. The maximum pressures 
attained during the process of fluid compression as usually con- 
ducted, and tabulated in Appendix IX, are from 4 tons to 12 tons 
per square inch upon the upper surface of the ingot ; but, unless 
such pressures are maintained for a sufficient length of time, 
there will be a perceptible weakness along the axis of the ingot 
as compared with the best portion of the metal, such as will be 
observed in the 34-inch ingot, tlie subject of this Paper. Ex- 
amples 2, 3, 4, 5, 6 and 7, Appendix IX, also show the influence 
of time in producing homogeneit;^ of the metal. The ingots 
referred to in those cases were of the same class of metal, and 
subjected to the same pressure of 11 *11 tons to the square inch, 
Init were improved in soundness and homogeneity just as tlie 
duration of the pressure was increased. In No, 2, the pressure 
operated for only thirty minutes, and on x^s^-rting the ingot a 
small pipe was visible ; Nos. 3, 4 and 5 were under the pressure 
for thirty-three, thirty-six and thirty-seven minutes respectively, 
and showed practical soundness, or at most but a sliglit sx)ongines8 
along the centre; but a x)ressuro of 1^ ton on the gauge, 13*88 
tons per square inch on the metal, continued during forty-two 
minutes, always resulted in the production of sound ingots. The 
same result is attained with the even lower x^ressure of I ton on 
the gauge, 9*72 tons per square inch on the metal, when that 
pressure is maintained during fifty minutes as in the example 
No. 7. The time necessary to ensure solidity dex^ends obviously 
upon the size of the ingot ; the larger the ingot and the longer 
in cooling down, the longer will bo the time during which com- 
pression will be effective; thus with the 34 •25-inch ingot, the 
metal was under the pressure continuously for throe hours and a 
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half. The remarks placed opposite the other items of Appen- 
dix IX are, the Author hopes, sufficiently lucid not to call for 
further explanation. 

In taking leave of the Tables constituting Appendix IX, it is to 
be noted, however, that the figures there tabulated may be taken as 
representative of the ordinary practice. The figures are selected 
from some hundreds of records, embracing casts from both open- 
hearth and crucible steel, and are made upon tempers ranging from 
0*3 per cent, to upwards of 1 per cent, of carbon, all of which 
are, however, practically only repetitions of the same figures and 
remarks. 

The shortening in length of the ingots, measured between the 
lengths when fluid, and on removal of the ingots from the mould 
after pressing, usually amounts to 1 i inch per foot. The shorten- 
ing of the 34 • 25-inch ingot especially referred to, and cast under 
the lower pressure employed in that case, amounted to 8^'^^ inches, 
the finished length being 70*2 inches. The shortening was thus 
slightly under the average owing to the lower pressure employed, 
and hence also the weakness along the axis of the ingot as shown 
by the test-pieces, cut from the centre, which weakness is always 
less marked as the pressures employed are higher. 

Sir Joseph Whitworth, in his evidence before the registrar on his 
application for the prolongation of his patent,^ said . — “ When the 
pressure is applied to a column of fluid metal, whether it is solid 
or whether it is the shape of a tube, in five minutes after the 
pressure is applied, the whole mass, whatever its height, will go 
down one-eighth of its whole length, the air being pressed out,” and 
he subsequently stated that “ not less than 6 tons on the square 
inch is required.” 

Although pressures of from 4 to 6 tons and upwards per square 
inch on the fluid metal are usually emi)loyed, yet, when the 
metal is well cast, the pressure quickly applied, and maintained 
during an adequate time, sometimes even less is sufficient to ensure 
the practical soundness of ingots, and to give to the metal in- 
creased ductility, homogeneity, and reliability for any temper of 
the steel. But in order to ensure that the tests from all parts 
of a pressed ingot shall give i)ractically uniform results, except 
so far as local chemical composition and liquation of elements 
affect such tests, a pressure of from 12 to 15 tons per square inch 
on the metal is desirable. Metal pressed under such conditions, 

^ Evidence of Sir Joseph Whitwoith, Bait, lu the matter of his i)etition for 
prolongation of letters patent, 1879 
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And then carefully annealed, had always, in the Author’s expe- 
rience, afforded within practicable limits uniform results over all 
sections of the ingot. 

Casting of Hoops or Hollow Ingots. 

The casting of hollow forms was for many years in practical 
operation both in England and in Eussia, but such forms have 
been generally abandoned. A better material, and on the wdiole a 
more economical production of hollow forgings, is obtained by 
casting the ingot solid, then boring out the centre, and afterwards 
treating this bored ingot as though it were a hoop casting. Ex- 
amples of the pressing of such hoop forms are given in Appendix IX. 
The idea of casting hollow regular terms, instead of solid cylin- 
drical ingots, may not be amiss ; but the practical difficulties and 
increased risk arising from the mechanical introduction of foreign 
matters, sand, &c., into the metal, more than compensate for any 
advantages that would otherwise arise from the adoj)tion of the 
hoop form. The cost of preparing cores, the time and occasional 
difficulty in getting them out, together with the fact that under 
insufficient pressure the line of weakness is transferred from the 
axis of the ingot, where it is of little importance for most appli- 
cations of the steel, to a cylindrical surface along the length of the 
ingot at about the middle of the thickness of the hoop, or midway 
between the internal and external diameters, in which j^osition 
for many applications it might become a serious disadvantage, 
constitute drawbacks. In designing the hoop form of ingot the 
intention was to arrange the proportion of steel in the casting to 
the metal in the core ; so that, whilst the latter should be sufficient 
to withstand the compressive stresses produced under the pressure 
necessary to ensure solidity of the metal, the mass of the core 
should not exceed that which would by conduction attain to a red 
heat, in the time occupied by the fluid steel in cooling down to that 
temperature. The steel hoop and its cast-iron core would, under 
such conditions, contract during cooling uniformly and together, 
towards the centre, and without introducing injurious contraction 
stresses ; or by making the core with a hole along its axis, water could 
be passed through it, and the casting thus cooled from the centre 
instead of wholly from the outside. Hoops need proportionately 
smaller pressures than ingots in order to ensure soundness. The 
solid ingot, as it leaves the mould after comi>ression, is usually 
clothed with an indurated, siliceous jacket (for the sand lining of 
the mould generally follows the ingot and leaves the lagging of 
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thiB mould almost clean), which jacket, as the ingot cools, is left as 
a loose outer shell, which breaks away under the hand-hammer ; 
in the case of the hoop casting the outer surface is also left perfectly 
clean in like manner. But with the inside of the hoop the case is 
different. The indurated coating of the core remains, and is there 
more and more tightly embraced as the metal cools. It thus often 
becomes difficult to clear out this siliceous lining before commenc- 
ing to forge such castings upon the mandrel. Tliese practical 
difficulties, in conjunction with figures to be presently cited, show 
the wisdom of the practice now invariably adopted where fluid 
compression is in 02 )eration, of casting only solid ingots, and then, 
if the hollow form is necessary, boring a hole along the axis of the 
ingot. The tests demonstrate that, after such treatment, the 
homogeneity of the metal thus loft, even after every inch in length 
of the pressed ingot has been taken, is superior to the best portions 
of an ingot cast in the ordinary manner without pressure ; and 
further that such metal, when forged upon a mandrel for the pro- 
duction of ordnance forgings, shafts, hoops, and' hollow forgings 
generally, yields an article which common repute, and steel users 
like General Maitland, Mr. Wright, Mr. Hotchkiss, and others, 
accept as superior to that produced by any other method. Thus 
General Maitland, C.B., says,^ “The Whitworth speciality is of 
high excellence, and as a rule the castings are very sound.” Mr, 
James Wright ^ said, “ 8inco the Whitworth metal had been em- 
ployed for paits of marine engines in H.M. ships, there had not 
been a failure of anything whatever composed of Whitworth metal.” 
Mr. B. li. Hotchkiss “began to use fluid compressed steel in 1871, 
and had had between 1,600 and 2,000 barrels. He had never had 
a failure with it.” At the same time it was stated that not one of 
four hundred air-vessels supplied to Woolwich had failed, although 
jirevious vessels made of ordinary steel had failed under the tests. 


ErrKCT A^D Advantages of the Fluid Compression or Steel. 

Solid ingots, free from visible honey-comb or blov -holes, can be, 
and are, daily produced when fluid steel is submitted to the 
necessary pressure, and in the manner described , hence questions 
arise as to what are the effects of such treatment of the fluid steel 
upon the quality of the metal so compressed ; and how these effects 

* The Journal of tlio lion and Steel Institute, 1881, p 429 

* Notes of Evidence on the hearing of Sir Joseph Whit^^orth’s petition for 
ptrolongaiion of his letters patent. 
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Ixave been produced. It may be convenient to defer the direct and 
tangible results in the shape of proof of improved quality of 
material, and of greater yield, &c., from the furnace output, due 
to the saving of head or top end of the ingot, and by the reduction 
of the allowance for turning, boring, planing, or other machining 
of forgings to a minimum, in order to first enter upon the domain 
of speculation involved in the second question. Though at present 
a matter for surmise, the Author is not without hopes that, at an 
early date, experimental proof may be forthcoming to show what 
is the manner of action of hydraulic pressure when ax>j)lied to 
fluid steel. 

Most persons are prepared to accej)t the fact that honey-comb, 
blow-1 Loles, contraction cavities, or other unsoundness, prevail in 
steel ingots whether cast in ordinary chill, in brick, or in cement- 
lined moulds; and that the cells within such ingots are of two 
classes, namely, (1) Cells filled with gases, principally hydrogen 
and nitrogen, with small amounts of carbonic oxide and carbonic 
anhydride, such gases being in high tension, as inferred from the 
large volume of gases at atmospheric pressure and temperature 
which those cells frequently yield. (2) Other contraction cells, 
possibly more nearly vacuous, the result of the shrinking of the 
interior after the outer skin of the ingot has become solid and 
unyielding. (3) The ingot, as cast in the ordinary manner without 
I)ressure, is also frequently rendered weak, by the development 
during cooling of a radial acicular structure from the surface of 
the ingot towards the centre, even though there are no visible 
bubbles or cavities about that j)art of the section. 

Under the enormous external pressures applied during fluid 
compression, the development at the surface of the weak acicular 
structure is prevented ; and further, it does not appear difficult 
to conceive that a sufficient intensity of pressure would always be 
transmitted through the fluid or viscous, and always highly-heated, 
metal, as would suffice to reduce in size, and ultimately close the 
contraction cells, or such cavities as may bo devoid of gas, until 
their unoxidized surfaces come into direct contact, and absolute 
molecular continuity is ensured. The Author considers it more 
probable, however, that the internal stresses developed during 
cooling, and under which the contraction cells tend to form, are 
met in the first instance by the external pressure ; and that thereby 
the fluid or viscous metal is prevented from evolving its occluded 
gases, as it otherwise would do ; and hence that the formation of 
such cells is impossible under a properly conducted method of fluid 
compression. But, where either the pressure is slow in its appli- 
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isatiott, JB of insufficient duration, or of inadequate intensity, he is 
of opinion that the formation of these contraction cells would be 
only partially prevented, and that hence would arise some of the 
imperfections observed along the axis of imperfectly pressed ingots. 
That this theory is correct would appear also to be confirmed by the 
investigations of the late General Kalakoutsky,^ which show that 
the injurious internal stresses in a fiuid compressed ingot are 
inconsiderable as compared with such stresses as occur in a 9-inch 
gun cast with internal cooling ; or to the stresses in the breech end 
of the rough-turned, bored, and annealed forging for an ordinary 
11 -inch Krupp gun. 

As to what becomes under compression of the blow-holes, which 
are filled with gases in the unpressed ingot, two theories are often 
advanced ; the one asserting that the gases are mechanically driven 
out, and the mass of tlic metal so closed up ; while the other con- 
cludes that the gases are reabsorbed (occluded) by the metal of the 
pressed ingot ; or that, like tlie contraction cells, their formation 
never takes place in the pressed metal, owing to the pressure being 
sufficient to cause the retention of the gases in the occluded state. It 
is difficult to i)rove which of these theories is correct ; but the 
Author is of opinion that there is at least a very large expulsion of 
gas from the metal by the pressure applied externally, since during 
the operation of pressing an exceedingly'* lino rain of metal continues 
to escape from the vent-holes, obviously carried out from the ingot 
T:)y the escaping gases. The volume of combustible gaseous matter, 
which escapes from the vents around the ingot-mould, is also much 
greater than can l)e conceived to result from any expansion of air 
occupying the cliannels in the moulds, or from the decomposition of 
water and organic matter derived from the thin sand lining of the 
same. The examination of imperfectly j^ressed ingots shows also, 
that at the close of the x^ressing operation the gases have a tendency, 
like the carbon, silicon, sulx^hur, xfiA^sj)horus, &c. in the steel, to 
concentrate themselves towards the axis and toj) end of the ingot, 
but more particularly along the axis; and this would seem to 
indicate that, after exit for gases from the surface has been closed, 
the remaining gaseous bubbles either circulate towards the more 
fiuid central portion of the ingot ; or otherwise such fluid metal, 
under the high pressure to which it is submitted, acquires a much 
greater x>ower of occluding gases than it xx)ssesses under ordinary 
casting conditions ; and that only along the centre line of the 

* “An InvoBtigation into the Internal Stresses occurring in Cast-Iron and 
Steel.” Goucral Nicholas Kalakoutsky, I.B.A. 
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ingot, where the transmitted pressure would be lowest, and where 
the metal would be the last to solidify and cool, does the trans- 
mitted pressure fall low enough to admit of gaseous evolutions, 
and the formation of a funnel-shaped pipe, or of an axial zone of 
spongy jK)rosity. But be the explanation what it may, while the 
unprossed ingot presents an irregular distribution and considerable 
volume of blow -holes throughout the upper third of the ingot 
(Fig. 1, p. 87), the insufficiently pressed ingot only presents either an 
elongated pipe or sponginess along the upper end of the longitudinal 
axis, or very frequently the residual blow-holes are concentrated 
into a single elongated more or less pear-shaped chamber, near 
the top of the ingot, the bubbles not so collected togetlior being 
usually very small, few in number, and extending for but a short 
lateral distance from the central pipe or cham])or. Accepting this 
tendency of the gases to collect in a single cavity, wliilc tlie fluid 
compression is operating, only one step fiirtlicr is iK'cossary to 
eliminate the gas completely, either from the to}> or the bottom of 
the mould, and that may i)ossibly bo presented during tlie violent 
bursts that frequently happen during the com])ressiou process. It 
is quite usual, after the i)rossure has been operating for some time, 
and the volume of the ingot lias considerably decreased witliout 
any explosive violence being manifested, that as the ])ressuio rises 
towards its maxiiimm intensity, such increase is attendc'd by a 
violent ex2)lo&ivo expulsion of gas, accompanied by more or loss 
metal. Such escapes sometimes take jdace from the to]> vents, 
and at others from the bottom vents. May not those ex])losions, 
then, mark the final expulsion of the gases from this central ])ij )0 
or chamber, after the outer metal of the ingot has j»artiully 
solidilied, but yet not so com])letely as to prevent its being ])or- 
nieated or burst through by the gases, under the inci casing 
pressure to which they are here subjected*'^ 

It matters not, however, except as a subject of scientific iut crest, 
how the unsoundiiess is removed, so long as the proc‘(*ss is suc- 
cessful in jiroducing for the engineers* use ingots which are free 
from blow-holes, liavo an inci eased ductility, higher elastic limit, 
greater tensile-strength, and enhanced value jier ton, besides saving 
the waste and annoyance arising from the casting and use of 
unsound ingots. But if the Author is right in his sjioculations, the 
first ellect of the ajqdication of liydraulic jircssure to the fluid 
metal in the mould would be to consolidate the metal by closing 
up, or possibly preventing tlie formation of, the honcy-com)> 
and acicular structure found in ordinary unpressed ingots over 
their surface, extending, in a 34 •25-inch ingot, to a depth of 
[the IXST. C.E. VOL. XCVIII.] I 
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2|^ inches and upwards frpm the skin (Fig. 1), the gases frota 
WaxSx cells escaping through the lining of the mould, as being the 
direction offering least resistance to their passage. Then, as the 
pressure increases, the further separation of occluded gases within 
the mass of the metal is either partially or wholly prevented, while 
other distributed bubbles of gas are driven in part outwards, but 
to a greater extent towards the more fluid or central portion of the 
ingot, to be finally re-absorbed or ejected through the still highly 
heated and permeable metal, under pressures of from 5 to 20 
tons per square inch, to which the metal is ultimately subjected. 
Further, by continuing the pressure upon the solidifying and con- 
tracting mass of metal, the formation of contraction cells, which 
would otherwise occur towards the top and along the avis of the 
ingot, is prevented, and no visible record of them remains. It 
may be here noted that, if the gases hydrogen and nitrogen be not 
expelled or re-occluded, but only compressed into smaller volume, 
then, according to recent investigations,^ under a pressure of 3,000 
atmospheres the volume of hydrogen would be decreased from 
unity to 0*000964, and the nitrogen from unity to 0*001446, all at 
15° Centigrade ; and if this decrease can be effected without leaving 
injurious internal stresses within the metal, it must be accepted as 
a long step towards soundness. That the internal initial stresses 
within the pressed ingots is small is shown from the investigations 
of General Kalakoutsky, already referred to (p. 112), and in fur- 
ther proof of this it is noticeable that the Author has never 
known a j^erfectly pressed ingot to be cracked when removed from 
the mould, or to crack when introduced into the furnace for 
re-heating ; while most manufacturers of large steel ingots have 
occasionally an unfortunate experience of both of these j>henomena. 

But besides external cracks, ingots of large diameter, cast in 
open moulds and cooled in the air, occasionally develop largo and 
serious internal longitudinal and radiating cracks along, or from 
the centre, especially towards the upjier end. Such defects are 
obviously the result of the action of excessive tensile-stresses acting 
upon the interior of the ingot, during cooling, and after the outer 
surface of such ingots has become solid, while at the same time, 
and from the same cooling agency, the external skin is under com- 
pressive stresses. With fluid-compressed ingots, however, such 
defects do not appear, since these stresses are to a large extent 
neutralized by the external iiressures applied, such pressures being 

* Mr. E H Amagat, ‘ Comptes Ktndus de T Academic des Sciences,’ 1888, 
▼Ot 107, p 522. 
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always continued as long as any alteration in form is observable* 
In like manner, even after considerable care has been exercised in 
the heating of large ingots for the forge, cracks are occasionally 
present in unpressed ingots ; but during the past ten years’ working 
of the compression process the Author does not recollect either 
having seen or heard of a single defect of this class in ingots of 
fluid compressed steel ; and it is notable that, owing to the immunity 
from the accidents referred to, much less care and anxiety are 
manifested alike by masters and men when re-heating, hammering 
or forging by pressure, the ingots of fluid-compressed steel. 

Passing now to an examination and comparison of definite 
examples of the two methods of casting. Fig. 1, p. 87, represents a 
longitudinal section of an unpressed ingot of open-hearth steel, cast 
in the usual way in an open-topped mould. The ingot was 30*75 
inches in diameter, 82 inches long, and weighed 8 tons. It was cast 
with every care, and subsequently placed on a planing machine, where 


Figs 6. 
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it was parted into a central i>late 4*75 inches thick, and of the full 
length and width (equal to the diameter) of the ingot, and into two 
side segments (Figs. 6). The three pieces were then placed verti- 
cally alongside of each other and photographed. It is only necessary 
at this stage to observe that the upper 34 inches of the length of 
the ingot, out of a total of 82 inches, was useless for the purposes of 
a gun-forging, and no part of this 34 inches was tested for tensile- 
strength. To compare this with an ingot of fluid-compressed steel, 
an ingot, also of about 8 tons weight, was cast, 34*25 inches in 
diameter (the nearest diameter of mould in stock for a pressed 
ingot), and 70*2 inches long after compression, 78*5 inches long 
before compression (Fig. 7 ). This ingot was treated exactly as the 
preceding one, and three similar pieces were obtained, U 2 )on the 
surfaces of not one of which was a sign of honey-comb or blow-hole 
visible ; and whatever may be the practice elsewhere, this is the 
regular result of the working of the method of fluid compression at 
the Abouchoff Works. During the Author’s direct responsibility 

I 2 
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at those works, and esi>ecially during the earlier period of the 
working of the process, large numbers of ingots were out up for 
e x a min ation and demonstration of the value of the process. The 
Mgh results of such examinations exceeded previous experience 
""and expectation, the invariable experience being that the ingots 
presented either no visible cavity, or only perhaps an axial pipe 


Fig 7 

34 25 inches 



Slab 4 95 inches thick, taken longitudinally from centre of 8~ton picsscd ingot 

or porosity into which a jiin or wire might be inserted. Accordingly, 
iast e a d of casting an ingot of fully 30 per cent, greater weight 
than necessary to produce a required forging, it became, and 
is now the practice, to cast ingots as near as possible of the net 
weight required for the forging, providing only for the usual waste 
and for t)he amount to be turned off, but without allowance for top 
rad of the ingot. Further, the occurrence of roaks and seams in 
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the forgings, instead of being usual, are with fluid-compressed 
metal comparatively rare and of very minor importance, whilst 
rejections on account of faulty metal have become exceptional, and 
this notwithstanding that the entire weight of metal as cast is 
used for the forgings. 

The freedom of rolled and hammered bars from roaks and seams 
is for special applications of exceeding importance ; and it is within 
the Author’s knowledge, that to ensure this with ordinary ingots, 
as much as 30 per cent, of the metal has been turned away from 
the surface of the ingots in order to remove the surface honey-comb 
before commencing to hammer or roll the metal ; whilst the same 
orders have been fulfilled with equally clean bars from fluid com- 
pressed metal, without the preliminary loss in material, labour and 
time involved in turning down the ingots. 

The advantages and saving of material, arising out of the use of 
compressed metal, will j)erhaps be more forcibly illustrated by a 
case in point. In the manufacture of trunnions for 6-inch breech- 
loading guns, the practice at the works, before the introduction of 
fluid compression, was, to cast for the purpose ingots of 65 cwt. each, 
and to forge from each of such ingots three trunnions ; and it was 
considered satisfactory if not more than one of the three forgings 
had to be rejected on account of original unsoundness of the 
material. With the introduction of fluid compression the same 
weight, 65-cwt. ingots, measuring 66 inches in length and 22 inches 
in diameter, is emjdoyed. The ingot is cut under the hammer 
(Figs. 8) into five equal lengths each 12^ inches in thickness ; 
and each is then forged into a trunnion. The five trunnions so 
obtained weigh in their finished forged state 52 cwt., the only loss 
between the cast ingot and the forged weight being due to punchings, 
cuttings, and furnace waste during the forging; and further, a 
rejection owing to defective material is unknown, although large 
numbers of trunnions are annually made. Another instance of 
the economy is the production of two trunnions for 12-inch breech- 
loading guns from a fluid-compressed ingot 38 inches in diameter, 
and only 48 inches in length. Such an ingot weighs 146 cwt. ; it 
is cut evenly into halves, and then each piece is forged under the 
hammer into a trunnion, weighing 59 cwt., as a finished forging. 
To make two such forgings from an unpressed ingot, with a 
reasonable hope that neither of them would be rejected, under the 
rigid inspection to which these forgings are subjected, would require 
an ingot cast in the ordinary fashion to have double the weight of 
the pressed example. A further advantage attending the use of the 
pressed metal, is, that less margin is allowed for turning off, since 
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ttelm and seams Have not to be contemplated. With larger, 
liaavier, and special forgings, the advantages of fluid compression 
are still more marked, but the last examples have been selected 
since they are regular and repetition work, which thus permit of 
more extensive comparisons. 

Finally, reference should be made to the oft-repeated question : 
How does the density of compressed steel differ from the steel cast 
without compression ? The Author believes the answer might be 
anticipated ; for there does not appear to be any reason why steel, 
compressed in large masses, should yield a metal of notably higher 
density than a piece of sound metal taken from the bottom of an 
ingot cast in the ordinary or any other manner, provided that there 


Figs 8 
^4 44 
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be no variation in the chemical composition in the several samples. 
If the density of ingots, taken as a whole, be considered, then the 
pressed ingot has a much higher density than the unpressed 
ingot ; but, if only sound specimens be selected from each 
of the two ingots, the variation will be small. Dr. Percy and 
Sir Henry Roscoe are reported to have returned 7 • 8438 and 7 • 841 
respectively, as the specific gravities of samples of compressed steel 
tsubmitted to them. The Author’s determinations wore made upon 
crucible metal from one charge containing 0 • 54 per cent, of carbon, 
but cast pa|*tly in a chill mould and partly into an ingot subjected 
to fluid compression ; afterwards samples were taken from the lower 
end of the ordinary ingot to ensure soundness. The specific 
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gravities of the specimens were 7*8542 for the impressed metal, 
and 7*8791 for the fluid-compressed metal; and this latter value 
was practically confirmed by one of the Author’s assistants, who, 
with samples taken from different parts of the section of a 5-ton 
hoop casting, reported 7*8772, 7*8789, and 7*883, as the specific 
gravity of the fluid-compressed metal. 

Tensile-Strength, dec. — Favourable tests and exceptionally satis- 
factory results are always expected from the testing of fluid- 
compressed steel. It is usual to state that such metal is some 
18 i)er cent, stronger under a tensile-stress than the metal made 
without fluid compression. Exact proof of this, however, the 
Author finds difficult to obtain ; since, even with the great mass 
of data and eighteen years’ experience at his disposal, he has not 
been able to discover a parallel series of tests which would directly 
show this, as it involves the preparation of a large number of 
comparative tests upon unforged ingots from the same charges, 
pressed and impressed, so that the metals under comparison shall 
be of identically the same composition, made from the same 
materials, and under precisely the same conditions. The unpressed 
samples also must be quite sound, otherwise for this determination 
the results appear almost worthless. 

The following Tables of average results, calculated from the 
detailed Tables of Appendix V and Appendix YI, show that 
although the unpressed ingot is of somewhat harder temper than 
the pressed ingot, yet the elastic limit, the ultimate breaking- 
strength, the contraction in area at point of fracture, and total 
elongation before fracture, are all higher in the fluid-compressed 
metal than they are from the metal of an uncompressed ingot ; even 
where the comparison is made with the average over the whole 
ingot in the compressed metal, as against only the best or lower 
two-thirds of the unpressed ingot. 

CoMrAKisON of tlio Aieiiac.es of the Fi\f Series of Longitudinal Tests from 
an TJm’hlssld Cast Ingot, iMtli the A\ekage of the corresponding Seven 
Series of Tfsis fiom the Pressed Cast Ingot, as detailed m Appendix V. 


4.^erage or Mean of 35 Test-pieces from an Unpressed 
Ingot, and 49 rcst-pieces Irom a Pretssed IngoE 



Elastic 
Limit in 

1 Tons i>er 
Square lucli. 

! 

i ! 

Breaking 
lensile- 
Strebb in 
Tons per 
Square Inch. 

Contraction 
in Area at 
Point ol 

1 racturc. 

Elongation 

Per Cent, 
immediately 
befuie fracture. 

XJnpre&sed ingot, Appendix I 
Pressed „ „ III . 

1111 

11-45 

29-18 

29-53 

Per cent. 

7 90 

8*76 

12*51 
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OoitPABiBON of the Mean Besclts of tlio Five Series of Test-pieces out 
DIAMETRICALLY, as jper Table, Appendix VI, from Unpobged Ingots. 



Mean of 35 Test-pieces from an Unpressed Ingpot, and 
49 Test-pieces from a Pressed Ingot. 


Elastic 
Limit in 
Tons per 
Square Inch 

Breaking- 
Stress m 
Tons per 
Square Inch. 

Conti action 
In Area at 
Point of 
Fracture. 

Percentage 
Elongation 
immediately 
before Fracture. 

XTnpressed ingot, Api>eudix II . 

11-43 

28-64 

Per cent. 
3-61 

7-91 

Pressed „ „ IV . 

12 38 

' 30-07 

7-57 

12-74 


The general preference for forgings of fluid-compressed steel, 
whenever obtainable, also seems to warrant the conclusion that 
steel forgings, made from compressed steel, have a somewhat higher 
tensile-strength and greater ductility than similar forgings from 
unpressed metal of the same temper ; and also that such forgings 
are more uniform in character and behaviour, and more reliable 
than forgings from unpressed metal. 


Comparative Tests made upon Pressed and Unpressed Cast-ingots. 

As already noted, important comparative tests were made at the 
Abouchoff Works, in order to determine the relative merits or 
demerits of the pressed and unpressed steel ingots, in a manner 
which individual and isolated tests upon metal which has received 
treatment in some form or other after it left the ingot moulds fail 
to indicate, and the Author now proposes to refer to them some- 
what in detail. 

Description of Tests , — For the purpose of these tests two 500-pood 
(about 8 tons) ingots were taken, both of open-hearth steel. One 
30*75 inches diameter, and 82 inches long, Fig. 1, p. 87, was cast in 
an open-topped chilled mould in the usual manner ; while the other. 
Pig. 7, p. 116, 34*25 inches in diameter, and 70*2 inches long after 
fluid-compression, was cast in the mould shown in Figs. 3 and 4, and 
was submitted to a j^ressure of 3,937 tons, being 2 tons per inch on 
the pressing-ram, or 4*34 tons per square inch on the top surface of 
the ingot. The ingot shortened whilst under the pressure 8 inches, 
and it remained under the pressure for three hours and a half. The 
lower pressure employed in pressing this ingot, as comi)ared with 
the pressures employed in other cases, as shown in the Table, 
Appendix IX, arises from the fact that the mould in which this 
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csbstiug was made was originally prepared by the Author for the 
casting of hollow ingots or hoops, and when used for solid ingots 
of this diameter was not considered strong enough to safely 
bear the greater heat of the larger mass of metal, together 
with the higher pressures known to be necessary to ensure 


Fig. 9. 
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uniformity in an ingot of this size, at every point in the cross- 
section of the ingot. The two ingots were both made of open-hearth 
steel, produced from the same materials, pig-iron, steel scrap, 
spiegeleisen, [and ferro-manganese, the scrap being the top ends 
of unpressed steel ingots. ^It has been already mentioned, p. 115, 
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hliiJIr tiliese ingots were divided longitudinally, so as to obtain from 
tkd centre of each a slab 4*75 inches in thickness of the full 
length of the ingots. The unpressed ingot was of a slightly 
herder temper, was cast a little longer, and was of smaller 
diameter than the pressed ingot, conditions in favour of the 
impressed as compared with the pressed ingot. The two middle 
slabs from the ingots were then cut up, in the manner shown in 

Fig 10 




Fig. 9 and Fig. 10, into a series of test-pieces, the series being 
marked I, II, III, IV, V, in the unpressed ingot (Fig. 9), and 
I, II, III, IV, V, VI, VIT, in the pressed ingot (Fig. 10). Each 
of these series comprised fourteen tests, of which seven were 
taken in the direction of the length of the ingot and numbered 
If 2, 3, 4, 5, 6, 7 in each series, while the other seven were taken 
at right-angles to the former, or across the ingot, and are numbered 
0 f hf Cf df e, /, gf in each series. The longitudinal tests numbered 
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4 in each series were thus intentionally taken directly along the 
axis, and the test-pieces lettered d were cut directly across the 
axis, the centre of the ingot thus falling at the centre of the length 
of these test-pieces. The test-pieces were then all broken in a 
Greenwood and Batley testing-machine, with results to which 
attention will now be directed. 

Besides determining the average tensile-strength, elastic limit, 
contraction in area before fracture, and ductility of the metal at the 
several sections of the ingots, the tests were taken in the manner 
indicated, in order to ascertain what, if any, was the difference in 
behaviour under applied tensile-stresses of the metal along the 
axis, and at different radial distances from such vertical axis in 
the pressed and unpressed ingots respectively. The metal along 
the vertical axis has been taken, since it is acknowledged to 
invariably represent, in the pressed ingot, the line of maximum 
porosity, and of initial stresses due to contraction after the ingot 
has left the mould. Test-pieces along such a line, when only ^ inch 
in diameter, must obviously fall in two, without the application 
of any external stresses, it, as the opponents of fluid-compression 
aver, this part of the ingots is, and must always be, occupied 
either by a i)ipe or series of bubbles. 

In comparing the averages, as taken at various radial distances 
(Appendix VIII) from the centre of the ingot, the tests have 
again been made under the most favourable condition for the 
unpressed ingot. The latter ingot is not only smaller in dia- 
meter, but the seven tests in each series are also taken well 
inside the surface honey-comb at equal radial distances across the 
diameter, so as to test only the best metal ; while the seven tests 
across each section of the pressed ingot are not taken equi- 
distant, but Nos. 3 and 5 cut longitudinally, and Nos. c and «, 
cut transversely, are each in their respective series nearer to 
the centre than the average distance between the positions of the 
several test-pieces, and so to a slight extent tend to lower the 
mean value for the pressed ingot. Also, it is to be noticed in 
Series V of Appendix I, as again in Series Y of Appendix II, that 
in the unpressed ingot one test-piece of each series, although taken 
from a point but little more than half way along the length of 
the ingot, was still so unsound as to yield no result on testing, 
and such tests are neglected in the Tables, although throughout 
the pressed ingot every test-piece from top to bottom is reckoned 
in the general averages, even though the test-piece may have 
broken off close to the neck, and so almost invariably have 
afforded a low result. 
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No hammering, re-heating, annealing, or treatment of any kind 
beyond the machine work of planing and turning was performed 
upon any of the specimens before testing. The test-pieces were 
all made of the form shown by Fig. 11, turned accurately to ^ inch 
in diameter, and, as stated in the Tables, were from 3*985 inches to 
4*02 inches in length, measured over the parallel part between the 
shoulders of the specimens marked 1, 2, 3, 4, 5, 6, 7, in each series, 
and 3*676 inches to 3*747 inches between the shoulders in the 
specimens marked a, 6, c, d, e, /, g. 

The tests were originally tabulated in atmospheres per square 
inch, but have been converted into tons per square inch by taking 
149*3 atmospheres = 1 ton. 

Appendix I and Appendix II give the detailed results of each 
test in the five series of tests made upon pieces cut longitudinally 
and transversely respectively, from the unpressed steel ingots of 
carbon = 0*5 per cent, and manganese =0*35 per cent. 

Fig 11. 


4 ' 
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Appendixes III and IV detail like results obtained from the 
seven series of experiments made upon a fluid compressed ingot of 
carbon = 0*39 per cent. ; manganese = 0*4 per cent. 

Appendix V shows the average figures for each series of tests in 
both the compressed and unpressed ingots, and then forms averages 
for the whole ingots upon the tests cut longitudinally from the 
ingots. Appendix VI affords the same details with respect to 
tests made upon the test-pieces cut at right-angles to the length of 
the ingots. 

The first noticeable difference in the series of tests is that, 
notwithstanding the unpressed ingot was somewhat harder in 
temper and 82 inches in length, only five series of test-pieces 
could be obtained from it, and some of these proved faulty; 
whilst from the compressed ingot, measuring only 70*2 inches 
in length, the complete seven series of tests were taken, and the 
whole Ojf the results tabulated. In other words, a length of only 
48 in^es out of 82 inches of the unpressed ingot was sufficiently 
aomia to iiermit of approximately good samples being obtained, 
the full length of the pressed ingot was available for testing 
pti|'poses. Further, with the pressed ingot, it is permissible to 
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take the test-pieces at any convenient proximity to the skin without 
fear of nnsoundness, whilst, owing to the honey-comb in the cir- 
cumferential surfaces of the unpressed ingot, only 24 inches out of 
the 31 inches in diameter were available for testing purposes. The 
averages tabulated in Appendixes V and VI are thus a comparison 
of the tests taken from the best or bottom portions only of the 
unpressed ingot, against the tests made from the whole mass and 
worst portions of the pressed ingot, including tests made directly 
along and across the axis of the ingot. 

From Appendix V it appears that while the five series of longi- 
tudinal tests from the unpressed cast ingot present an average of 
11 *11 tons per square inch as its limit of elasticity, the pressed 
cast ingot of milder temper gives an average over the whole seven 
series, or forty-nine tests, of 11*45 tons. The average breaking- 
stress is 29*18 tons per square inch in the unpressed, as against 
29 * 53 tons in the fluid-compressed metal ; but it is in the amount 
of extension immediately before fracture that the compressed 
ingot shows its maximum of superiority. For the two ingots, 
with xmactically the same tensile-strength, the stretch before frac- 
ture on the average is 8*7G per cent, and 12*51 per cent, of their 
length in the impressed and i)ressed metals respectively, the latter 
thus exceeding the former by 42 * 8 i)er cent. Published results of 


Averages from Ai’I’endix V of the Longittoinal Test-piec’es from Unpressed 
and Pressed Ingots, neither Forged nor Annealed. 


— 

Elastic 
Limit in 
Toiib per 
Square Inch. 

1 breaking 
Tensile-Sti css 
[ in Tons per | 
Square Inch. | 

Contraction 
m Area at 
I’oint of 
Fracture. 

! Elongation per 
cent, m 4 inches 

1 immediately 

1 before Fracture. 

TJnpressed ingot (35 tests) 

. . 1 n il ' 

I 1 

' 20-18 

1 

Per cent. 

4-41 

8-76 

Pressed „ (49 tosis) 

. . 1 11-45 1 

j 29-53 

7-90 

12-51 


the tests of gun-material in its cast state are not numerous, but 
General Maitland has described ^ tlie casting of an ingot roughly of 
the shape of a trunnion, from which, after cutting off the top, suffi- 
cient metal was left for two trunnions ; and on testing these castings 
before forging, annealing, or otherwise treating them, the average 
result from the top slice of the metal accepted for the trunnion 
was 31*9 tons tensile-strength with 5 per cent, elongation in 


Minutes of Proceedings Inst. C.E., vol. Ixxxix. p. 131, and Appendix VI. 
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2 Ixiches, and from the bottom slice 34*42 tons with 8*75 per cent, 
elongation. These results support the Author’s figures as to the 
low elongation of the unpressed metal, and also of the rapid 
deterioration from the bottom towards the top of the unpressed 
ingot* 

The test-pieces cut across the ingots (Appendix YI) show still 
more strongly in favour of fiuid-compression. Thus the averages 
are as under : — 

Average Results from Appendix VI of the Transverse Test-pieces from 
Unpressed and Pressed Ingots. 



Elastic 
Limit in 
Tons ^»er 
Square Inch 

Breaking- 
Stress m 
Tons per 
Square Inch. 

Contraction 
in Area at 
Point of 
Fiacture. 

Percentage 
Elongation 
immediately 
before Fracture. 

Unpressed ingot 

11*43 

28*64 

Per cent. 
3*61 

7*91 

Pressed ^ 

12*38 

30*07 

7*57 

12*74 


These advantages are further accentuated from the consideration 
of Table VI, which shows that whilst the pressed ingot affords 
a higher ultimate tensile-strength in the metal of its 
sections than it does in its lowest, the unpressed ingot, on the 
other hand, presents its best results towards the bottom, with a 
rapid falling-off at points exceeding one-half the length of the 
ingot. With reference to elongation, the unpressed ingot has a 
mean (Appendix VI) of 12*44 per cent, at the bottom of the 
ingot, or series I of the tests, but falls ra]udly away throughout 
series II, III, and IV, until in series V the elongation is only 
2*02 per cent. On the other hand, the x'l’^'ssed ingot shows a 
mean elongation in series I of 13*71 per cent, decreasing some- 
what towards the top, yet in scries VII, or very toj) of the ingot, 
the elongation is still represented by a mean of 11*63 per cent. 
Examination of Appendix VI 1 and of Appendix VllI shows that 
in both pressed and unpressed ingots, whether tested by jueces 
out longitudinally or across, the maximum value for the elastic 
limit of the cast metal is reached towards the outer })oundarios 
of the ingot, or in the siiecimens marked 1, 7, a and in each 
aeries, and it tends to decrease in value towards the centre; 
thus: — 
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Avbbagb Elastic Limit at diffbrbwt Distances from Cbntbal Axis of 
Oast Ingots, Figs. 9 and 10, pp. 121, 122. 



Mean Value of the Elaatic Limit in Tons per Square 
Inch from Test-pieces. 


No. 1, No. t, 
No. a and 
No.p. 

No. 2, No. 6, 
No. h and 
No./. 

No. 3, No. 6, 
No. c and 
No. e. 

No. 4 and No. d, 
or along and 
across the Axis. 

Unpressed ingot, mean of 5 series 

11*75 

11*34 

10*77 

10*98 

Pressed n j» 7 „ 

12*14 

11*30 

11*38 

11*90 


In like manner, the ultimate breaking-stress appears to follow 
in order, thus ; — 

Ultimate Breaking-Stress at different Distances from tho Central Axis. 


Mean Value of the Ultimate Breaking-Stress in Tons 
per Square Inch from Test-pieces. 




No. 1, No. 7, No. 2, No. 6. 

No 3, No. 6. No. 4 and No. d. 



. No. a and 

No. h and 

1 No c and j 

or along and 



1 No. g. I 

No./ 

1 No. c. 1 

across the Axis. 

Unpressed ingot, mean 

of 5 series 

29-CO ' 

29*03 

27-6G 

28*13 

Pressed „ „ 

7 „ 

32-48 j 

29*41 

28*33 

28*13 


There is but little difference in the average amount of elongation 
where the metal is sound in the unpressed ingot, whether tested 
from near the circumference or from near the axis of the ingot ; 
but the axial or worst portion of the metal from the guessed ingot 
gives practically the same mean elongation, 8 per cent., as is 
afforded by tho unpressed metal at any section ; and the pressed 
metal shows a marked superiority over the unpressed metal, and 
rapid increase in ductility as the testing proceeds from the centre, 
where the ductility is 8 per cent., towards the circumference of 
tho ingot, whore it reaches 17*6 per cent. 

Elongation at different Distances from tlie Centre. 


Mean percentage Elongation immediately before 
Fracture trom Tebt-pieccb. 



No. 1, No. 7, No. 2 , No. €, No. 3, No. 5, 
No. a and • No. b and I No. c and 
No g. * No./. 1 No. e. 

No. 4 and No. , 
or along and 
acioss the Axib. 

1 

Unpressed ingot, mean of 5 series 

Per Cent. 

7 22 

Per Cent. 
8*22 

I*er Cent. 
8*88 

Per Cent. 
8*02 

Pressed „ „ 7 „ 

17*01 j 

13*15 

9*07 

8*09 
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Tlie inference which the Author makes from these last three 
comparisons is, that wherever the pressure is effective it induces 
soli^ty in the ingot, and so raises alike the elastic limit, the 
ultimate breaking-stress and the ductility of the cast metal, besides 
increasing its general reliability. It produces ingots, any portion of 
which (the composition, raw materials, and method of production 
being always identical for the ingots under comparison), under 
mechanical tests afford results equal to those obtained from ingots 
produced by the ordinary methods of casting without pressure, 
after one-third of such unpressed ingots have been rejected and 
sent to scrap. Appendix V and Appendix VI show also that the 
mean of the tests from the top of the pressed ingot (constitut- 
ing series VI and series VII of the tests, and corresponding to 
the rejected portion of an unpressed ingot) are equal in elastic 
limit, ultimate strength, and in ductility, to the mean results 
obtained in series I and series II made from the bottom or best 
portions of the unpressed ingot. The figures of Appendixes V 
and VI further indicate that the weakest part of the pressed 
ingot is across the central axis, where obviously the pressure 
must finally be least effective ; but even here the mean figures of 
the pressed and unpressed metals are practically the same, and 
the pressed metal is at no disadvantage. Hence for ordnance pur- 
poses, for tubes, hoops, hollow shafts, &c., whore, in the course 
of their manufacture, the centre of the ingot is removed either in 
the forge or by boring or turning operations, it becomes unneces- 
sary to proceed to the use of much higher pressures than those 
which have been employed in the production of the ingot, to which 
the figures advanced in this Paper refer, and which are the ordinary 
pressures employed for the fluid compression of such ingots. But 
were it considered desirable, it is possible, with the press and power 
available at the Abouchoff Works, to api)ly and continue such 
a pressure to an ingot of the size here mentioned, as shall afford a 
practically sound and homogeneous product, except so far as such 
results may be modified by the tendency to liquation of the 
chemical constituents of the steel towards the centre and top of 
the ingot. 

In the ingot under consideration the pressure has obviously been 
most effective at the^ circumference; but throughout the mass of 
metal it has been sufficient to expel practically all liberated gaseous 
matter, though not quite sufficient to entirely overcome the initial 
stresses and molecular changes at the centre produced during the 
cooling of the metal. However, the late General Kalakoutsky, in 
his investigations upon the internal stresses in metals, has shown 



12d 


PKHSeedingB.] OF Sl*BEIi BY HYDBAtJIiIC PBBSSTJBB* 

that such injurious stresses, although existing in a fluid-com- 
pressed ingot, are yet small compared with the similar stresses 
existing in other castings, or even in large forgings. While thus 
admitting that any sponginess present in a fluid-compressed ingot 
will be found along the centre line where its influence is least 
detrimental, yet, in many instances, no sensible sponginess 
occurs in any part ; and that such does not necessarily occur has 
often been shown by taking two adjacent samples from the centre 
of a pressed ingot, from one of which a test-piece is turned and 
tested direct, while the other is carefully annealed to eliminate 
initial stresses before the test-piece is prepared. Under these 
conditions the initial stresses are almost invariably sufficient to 
ensure low results from the first test-piece, while the annealed 
sample is always better, and not unfrequently gives results equal 
to those from any other part of the ingot, which could not be it 
the original weakness were due to unsoundness alone. 

The following experiments made upon the top and bottom 
disks, cut from the extreme ends of a cast-steel hoop, of 31 inches 
external and 16 inches internal diameter, and pressed whilst in 
its fluid state, show, that whilst the elastic limit was not prac- 
tically affected, the tensile-strength was raised by annealing ; but 
by forging and annealing the samples from the same disks, both 
the elastic limit and the tensile-strength were raised. 

Effect of Annealing and Forging nimn the Extreme Top and Bottom Disks, 
CUT from a Fluid-Compressed Steel Hoop of 31 inches External 
Diameter and 16 inches Internal Diameter. 


Average of Three Testa. j 

Elastic Limit 
in Tons per 
Square Inch. 

Ultimate Ten- 
sile-Strength 
in Tons per 
Square Inch. 

Top disk of pressed hoop, neither forged nor annealed . 

19*18 

30*36 

Bottom disk from pressed hoop, neither forged norl 
annealed / 

18*75 

32*15 

Top disk, annealed hnt not forged 

19*42 

36*81 

„ forged and annealed 

21*43 

42*86 


Tests from both pressed and unpressed metal after forging, 
machining, and may-be of tempering and annealing in various 
fashions, have been published in considerable numbers ; but since 
such tests are influenced to an indefinite extent by the treat- 
ment which the metal has received subsequent to the casting 
stage, it is possible to make almost any desired deductions from 
[the INST. C.E. VOL, XCVIU.] K 
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iliBXXi, and the Author has considered it unnecessary, therefore, 
to hfurden this Paper with any records of the forged metal beyond 
the average specimens herewith of the forged steel hoops, as used 
for various rings in 11 -inch breech-loading guns, of an oil-tempered 
tube, and of a sample of shell-metal. 


Test-pieces taken from Forgings of Flutd-Compressed Steel. 



Elastic Limit 
In Tons per 
Square Inch. 

fUltimate 
Breaking- 
Strength in 
Tons per 
Square Inch. 

Elongation 
Per Cent, in 

4 inches. 

Gun-tube forged and annealed .... 

28-53 

49-56 

18-3 

„ » .... 

29-46 

53-58 

17-9 

,, 9> 99 .... 

24-77 

46-89 

20-2 

Hoops for 11-inch breech-loading guns . . 

18-75 

34-83 

17-2 

99 99 99 99 • • 

16-74 

30-81 

18-9 

Gun-tube tempered in oil 

27-46 

53-57 

18-0 

Shell-metal in its unhardoned state . 

32-82 

* 61-40 

8-9 


Eeferenoe is directed to one other series of tests upon steel of a 
harder temper ; so far as the Author knows, it is unique, and may 
therefore be of interest beyond the question of fluid compression. 
The tests afford evidence of the molecular condition of a successful 
projectile of fluid-compressed steel after it has been fired at an 
armour-plate. The shell was made from an ingot of fluid-com- 
pressed steel, of 21^ inches diameter weighing 65 cwt. This 
ingot was first drawn down to 12 inches diameter under the steam- 
hammer. A piece was then cut from it, and drawn down to ^-inch 
square; such piece was afterwards annealed, then turned down 
into three test-pieces of ^ inch diameter, and tested with the 
following results ; — 



Length of 
Teat-piece 
between 
Shouldera. 

Elastic 
Ijimit in 
Tons per 
Square Inch. 

Ultimate 
Breaking- 
Stress in 
Tons per 
Square Inch. 

Percentage 
Elongation 
in 5 inches. 

Shell-metal in soft state . . 

4-97 

32-82 

58-95 

! 

8-0 

99 99 97 • • 

4-96 

32-82 

61-42 

8-9 

9; 99 99 * * j 

4-98 

33-49 

1 61-08 

7-C 
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The remainder of the ingot was forged, turned, bored, hardened, 
<feo., for 9-inch shells (25 { inches long), all of which were fired at 
an iron plate 12 inches in thickness, placed at an angle with the 
gun. The shell is reported to have penetrated for a length of 
20 inches and then rebounded undamaged. Afterwards, one of 
the shells was with great difficulty cut in the lathe into seven 
disks, which were numbered consecutively from the nose to the 
rear. No. 1 was taken across the solid xmrt of the nose, and No. 7 
was the extreme rear end of the shell. From each of these disks 
test-pieces were prepared without any hammering or heating 
between the firing and the testing, with results hereunder 
tabulated : — 

Examination of 9-inch Shell, after the same had been fired at and 
had REBOUNDED from the Plate. 




Length 

ol 

Tcbt-piece. 

Llostic 
Limit m 

Ultimate 
Breaking- 
Strebs m 
Tons per 
Square Inch. 

Percentage 
Elongation 
in the Lengths 
indicated. 



'1 ons per 
Square Inch. 

lo. 1, from noso 

IncIiPh. 

3-97 

6G 08 

84 -48 

4-7 

»> 

2, nearer rear .... 

1 4 -40 

5G 24 

, 80-37 

5-1 

if 

3, still nearer rear . 

, 4*42 

53 -.57 

79-03 

5 5 

ff 

4: ,, „ ... 

' 417 

52 24 

79-03 

GO 

ff 

99 99 ... 

4-45 

49 57 

77-G9 

, G-8 

ff 

0 ,, ,, ... 

4‘89 ' 

48 22 

72-33 

. 7G 

ff 

7, at rear 

4-90 

4G-8G 

71-00 

7-6 


Conclusion. 

In conclusion, the Author hopes to be acquitted of any intention 
of having given greater support to his personal views by the 
elimination of any unfavourable figures, data, evidence, or phe- 
nomena observed during the investigation of tliis important subject ; 
nothing has been suppressed, so far as he knows, which would help 
the members in their consideration of tlie plant or of the process. 
Throughout the comparisons in the Pajier, the intention has been 
to present the pressed ingot in its less rather than its more favour- 
able aspect, and to give an unbiassed view and expression of 
opinion upon the process and method for the fluid-compression of 
steel. Thus, in the two ingots especially dealt with in this Paper, 
every test-piece of the pressed ingot has been accounted for, and 
taken into consideration in framing the general averages, although 
many, if not all, of the more unfavourable figures are attributable 
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to cirotunstaiices whioh might fairly have warranted their elimi- 
nation. With the unpressed ingot, on the contrary, not only has 
the Tipper end corresponding to the series VI and VII of the tests 
been wholly neglected, but also several test-pieces, even from the 
five selected series, were found too unsound for farther exami- 
nation, and their existence has been ignored, to the advantage 
of the quoted general averages. It may be well to state that, 
contrary to a somewhat prevalent idea, the method of fluid com- 
pression described is not a process recommended for ensuring sound- 
ness in steel castings of intricate forms; neither, in the form 
described, is it adapted to the treatment of metal such as is used 
for rails and other rolled sections, which require to be sold at some 
£4 or £5 per ton ; nor is it proposed as a method to entirely 
supersede the necessity for forging the metal. But it has its 
principal application in the production of steel in the ingot form, 
as required for forgings, wherever the highest and best possible 
quality for the purpose intended is of paramount importance, but 
for which a too critical regard to cost is not observed; never- 
theless, for many classes of work such as those already cited, and 
also for railway material, such as cranks, axles, and engine work 
generally, considering that the whole of the ingot is available, the 
cost of forgings of fluid-compressed steel need not exceed that of 
similar forgings produced from ingots cast without fluid-com- 
pression. 

And lastly, although the Author could not advocate the intro- 
duction of unforged steel castings for ordnance, yet he is of opinion 
that guns may bo made at much less cost, thoroughly reliable, and 
equally as serviceable as the present built-up weapons of the 
service, from a single ingot of steel, except as to the breed 
Arrangements, and to the trunnion, if such bo desired. But he 
would require that the ingot of steel should be of suitable quality 
and first bo cast under fluid compression, then bored, and after 
wards forged upon a mandrel, under a sufficiently powerful hy 
draulic forging press. 

The Paper is illustrated by several drawings and tracings, fron 
which Plate 1 and the Figs, in the text have been engraved. 
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APPENDIXES. 


Appendix I, — ^Unpbesbed Ingot. 

Details of tests made upon test-pieoes cut parallel with the length of the ingot 
and marked 1, 2, 3, 4, 5, 6, 7 in each scries as per Fig. 9, p. 121. Ingot 
neither forged nor annealed. 


Mark on 
Test- 
pieces. 

J^gth of 
Test-piece 
between 
Shoulders. 

Elastic TJmlt 
in Tons 
per Square 
Inch. 

Elongation 
per Inch 
at 

Elastic Limit. 

Breaking- 
Stress in 
Tons per 
Square inch. 

Elongation 

immediately 

before 

Fracture. 

Contraction 
of Area at 
Point of 
Fracture. 


1 

Inches. 

3-990 

n -38 

0-000850 

31-48 

Per cent. 
12-55 

Per cent. 
6-62 


2 

3-970 

11-38 

0-000850 

29-47 

16-02 

8-83 

HH 

3 

3-989 

10-71 

0-000800 

29-47 

10-71 

9-63 


4 

3-905 

10-71 

0-000800 

29-47 

17-20 

9-45 


5 

3-982 

10-05 

0-000750 

28-80 

14-01 

8-63 

6 

3-907 

11-38 

0-0008.50 

30-14 

15-52 

9-45 


a 

3-977 

13-39 

0-001000 

31-48 

11-84 

6-62 

Average 

3-981 

11-28 

0- 000842 

30-04 

14-83 

8-46 


^1 

3-993 

12-05 

0-000900 

30-81 

8-50 

4-21 

. 

2 

3-995 

11-38 

0-000850 

29-47 

12-70 

5-62 


3 

4-005 

11-38 

0-0008.50 

29-47 

11-98 

6-02 

OQ 

O 

4 

3-994 

10-71 

0-000800 

28-13 

11-54 

7-02 

1 

5 

3-990 

10-71 

0-000800 

29-47 

12-25 

5-62 

6 

3-985 

11-38 

0-000850 

30-81 

12-89 

5-82 


L7 

4-OOG 

12-05 

0- 000900 

29-47 

0-54 

2-40 

Average 

3-995 

11-38 

0-000850 

29-00 

10-93 

5-24 


[1 

3-977 

12 05 

0-000900 

29-47 

7-73 

3-41 


2 

3-977 

11-38 

0-000850 

30-14 

7-05 


t-H 

HH 

3 

3-985 

12-05 ; 

0-000900 

30-14 

12-50 

7-42 


4 

3-980 

10-71 

0-000800 

28-80 

10-10 

5-42 


5 

3-993 

10-71 

0-000800 

29-47 

11-75 


£ 

6 

3-985 

11-38 

0-000850 

28-13 

0-82 

2-21 

K7 

3-993 

10-71 

0-000800 

29-47 

0-05 

3-82 

Average 

3-984 

1 11-25 

0-000842 

29-37 

8-87 

4-47 


ri 

4-OlG 

11-38 

0-000850 

27-40 

4-53 

1-40 


2 

3-980 

10-71 

0-000800 

28-13 

0-25 

3-80 


3 

3-972 

10-71 

0-000800 

28-13 

5-11 

2-60 

OO 

d, 

4 

3-980 

10-71 

0-000800 

28-13 

4-18 

1-80 

•c 

£ 

5 

3-980 

10-05 

0-000750 

20-79 

3-31 

1-40 

6 

3-995 

10-71 

0-000800 

28-13 

5-65 

2*20 


^7 

3-988 

10-71 

0-000800 

28-80 

9-50 

2-00 

Average 

3-989 

10-71 

0-000800 

27-94 

5-50 

2-31 


B|| 

3-993 

11-38 

0-000850 

28-80 

3-28 

1-20 



3-997 

10-05 

0-000750 

26-79 

2-52 

0-60 


3-983 

10-71 

0-000800 

29*47 

3-66 

1-42 



8-908 

10-71 

0-000800 

25-45 

1-75 

0-20 



3-980 

11-38 

0-000850 

30-81 

3-91 

1-60 


Test-piece unsound, full of 

tiolcs ; no result obtainable. 


131 

1 3-981 

1 11-38 

1 0-000850 

1 32-15 

1 6-80 

1 3-21 

Average 


10-93 

0-000816 

28-91 

3-65 

1-37 
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Appendix II. — Unpressed Ingot. 

Details of tosts made upon test-pioces cut transversely, or at right-angles to those 
of Appendix I and marked a, 6, c, d, e,/, g in each series as j^er Fig. 9, p. 121. 
Ingot neither forged nor annealed. 


{Mark on 
Teat- 

Length of 

Elastic Limit 

Elongation 

Breaking* 

Elongation 

Contraction 

1’est-plece 

in Tons 

per Inch 

Stress In 

immediately 

of Area at 

between 

per Square 

at 


Tons per 
Square inch. 

before 

Point of 

piece. 

Shoulders. 

Inch. 

Elastic Limit 

• 

Fractuie. 

Fracture. 



Inches. 




Per cent. 

Per cent. 

1 

'a 

3-716 

12-05 

0-000900 

29-47 

8-47 

4-60 

I 

b 

3-707 

12-05 

0-000900 

30-14 

10-46 

8-47 


c 

3-724 

10*71 

0-000800 

29-47 

12-40 

5-62 

I 

d 

3-716 

12-05 

0-000900 

29-47 

14-88 

8-03 


e 

3-714 

11-38 

0-000850 

29-47 

14-56 

7 63 

f 

3-729 

12-05 

0-000900 

29-47 

15-34 

6-82 


g 

3-711 

12-05 

0-000900 

29-47 

11-02 

4-80 

Average 

3-716 

11 -70 

0-000878 

29-57 

12-44 

6-56 


a 

3-729 

11-38 

0-000850 

29-47 

5-89 

2-61 


h 

3-723 

12-0.1; 

0-000900 

30-14 

10-93 

5-22 

c 

3-741 

10-05 

0-000750 

29-47 

12-64 

6-42 

CQ 

d 

3-734 

10-71 

0-000800 

28-80 

11-51 

5-82 

‘S 

e 

3-722 

10-71 

0-000800 

28-13 

8-86 

4-61 

w. 

f 

3-738 

11-38 

0-000850 

30-14 

13-96 



ig 

3-736 

12-05 

0-000900 

30*14 

6 74 


Average 

3-771 

11-19 

0-^00835 

29-47 

10-07 

4-87 


a 

3-751 




31-48 

7-73 

3-81 


h 

3-756 



30-81 


2-81 

B 

c 


11-38 



12-56 

6-42 

f 

d 

3-757 

11-38 


•>0.31 


5-'^ 

e 

3-759 

12-05 


31-^1 

n -^5 

/-Oz 


f 

3*751 

12-05 

0^' 000900 

30-81 

6-8- 



^9 

3-749 

11-38 


0-000850 

30-14 

6-05 

3-21 

Average 

3-751 

11-76 ^ 

1 0-000878 


8-87 

1 4-35 



3-737 

12 -AOS 

0-000900 

30-81 

8-56 

1 *40 


b 

3-727 

11 '-38 

0-000850 

28-13 

2-17 

0-60 


c 

3-734 

^i2-05 

0-000900 

30-81 

4-79 

2-40 

*S 

d 

3-731 

10-71 

0-000800 

26-78 

2-49 

0-80 

e 

3-738 


11-38 

0-000850 

31-48 

4-36 

2-00 


f 

3-725 > 

f 

11-38 

0-000850 

32-15 

7-24 

1-60 


^9 

3-744. 

11-38 

0 000850 

32-15 

6-62 

3-61 

Average 

S-73^i 

11-47 

1 0-000857 

30-33 

1 5-17 

1 1-74 


f? 

~7 

fi-734 

10-71 

0-000800 

22-77 

2 11 

0-40 

> 

c 

3-728 

8-70 

0-000650 

10-05 

0-26 

0*20 

m 

^d 

3-748 

11-38 

0-000850 

25-45 

2-37 

0-60 

1 

e 


Test-piece full of holes, and no result obtainable, 


/ 

3-748 

12-05 

0-000900 

28-13 

2-32 

, 0-80 



3-727 

12-05 

0-000900 

28-13 

3-03 

I 0-60 

Average 

3-733 

10-98 

0 000820 

22-91 

2-02 

0-52 
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Appendix III. — Fluid-Compressed Ingot. 

Details of tests made upon test-pieces cut parallel with the length of the ingot 
and marked 1, 2, 3, 4, 5, 6, 7 in each scries as per Fig. 10, p. 122. Ingot 
neither forged nor annealed. 


Mark on 
TCBt- 
piece. 

Length of 
Test-piece 
between 
Shoulders. 

Elastic Limit 
in Tons 
per Square 
Inch. 

Elongation 
per Inch 
at 

Elastic Limit. 

Breaking- 
Stress m 
Tons per 
Square Inch. 

Elongation 

immediately 

before 

Fracture. 

Contraction 
of Area at 
Point of 
Fracture. 


1 

Inches. 

3*993 

10*71 

0*000800 

30*14 

Per cent. 
22*81 

Per cent. 
14*85 


2 

3*998 


0*000750 

27*46 

18*71 

22*69 

t-4 

3 

4*011 

10*71 

0*000800 

24*11 

7*87 

5*02 

00 

-S' 

4 

4*005 


0*000750 

24*78 

8*41 

6*62 


5 

3*996 

10*71 

0*000800 

26*79 

13*56 

7*63 


6 

4*007 

10*05 

O' 000750 

28*13 

27*60 

25*10 


17 

3 *980 

10*71 

0*000800 

30 14 

22*07 

18*27 

Average 

3*999 

10*43 

0*000778 

27*36- 

17-29 

14*45 


ri 

4*019 

12*05 


. 

33-40 

15*65 

8*40 


2 

3*999 

10*71 

0- 000800 

29*47 

23*35 

16*06 

a 

3 

4*005 

9*37 

0*000700 

27*46 

17*37 

8*83 

OQ 

'S ^ 

4 

3*994 

9*37 

0 000700 

24*78 

9*83 

7*02 

& 

5 

3*993 

9*37 

0*000700 

27*46 

13*87 

9*09 


G 

3*997 

10*05 

0*000750 

28*13 

18*53 

13*42 


17 

3*990 

12*05 

0*000900 

33*49 

16*46 

10*04 

Average 

3*999 

10*42 

0*000778 

29*18 

17*43 

10*55 


1 

4 020 

12*73 

0*000950 

32*82 

14*77 

11*24 


2 

4*004 


0*000800 

28*80 

15*98 

10*64 

a 

3 

3*999 


0*000750 

28*13 

10*82 

5*22 

-S' 

4 

3*990 


0*000750 

29*47 

11*52 

6*02 


5 

3*993 

■n 

0*000800 

28*80 

10*96 

5*22 


6 

3*99G 

11*38 

0*000850 

28*80 

18*84 

17*50 


17 

3*983 

12*73 

0*000950 

32*82 

16*26 

12*85 

Average 



0*000835 

29*95 

14*16 

9*81 
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Appendix III (Fluid-Compressed Ingot) — continued . 


Mark on 
Teet- 
pieoe. 

Ijength of 
Test-piece 
between 
Shoulders. 

Elastic Liimit 
in Tons 
per St^iare 

Elongation 
per Inch 
at 

Elastic Limit. 

Breaking- 
Stress in 
Tons per 
Square Inch. 

Elongation 

immediately 

before 

Fracture. 

ContractioQ 
of Area at 
Point of 
Fracture. 


ri 

Inches. 

3*983 

12*73 

0*000950 

32*15 

Per cent.’ 

15*81 

Per cent. 
8*85 


2 

3*987 

12*05 

0*000900 

28*80 

6*01 

1*60 


3 

4*000 

11*38 

0*000850 

27*46 

5*25 

2*40 

•1^ 

4 

3*981 

11*38 

0*000850 

27*46 

5*50 

2*40 

1 

5 

3*980 

11*38 

0*000850 

26*12 

4*29 

1*81 


6 

3*972 

12*05 

0*000900 

27*46 

5*03 

3*01 


[7 

3*982 

12*73 

0*000950 

32*82 

17*35 

10-66 

Average 

3*983 

11*96 

0*000892 

28*89 

8*46 

4*39 


a 

3*994 

12*05 

0*000900 

32*15 

17*80 

12-22 


2 

3*989 

12*05 

0*000900 

26*12 

5*71 

2*40 

> 

3 

3*989 

12*73 

0*000950 

26*12 

4*28 

2*20 

00 

*E 

4 

4*023 

11*38 

0*000850 

28*13 

5*46 

2*81 

s 

5 

3*987 

12*05 

0*000900 

26*12 

4*26 

2*61 


6 

3*997 

12*05 

0*000900 

30*14 

8*20 

3*21 


It 

4*000 

10*71 

0*000800 

32*15 

15*60 

9*63 

Average 

3-997 

11*86 

0*000885 

28*70 

8*67 

5*01 


ri 

4*003 

12*73 

0*000950 

32*15 

17*58 

7*63 


2 

3*990 

12*05 

0*000900 

31*48 

11*42 

7.44 


3 

3*994 

12*05 

0*000900 

25*45 

2*85 

1*20' 

J 

4 

3*990 

12*05 

0*000900 

30*81 

4*03 

1*40* 

s 

5 

3*992 

12*73 

0*000950 

25*45 

2*80 

1*00» 

6 

3*973 

11*38 

0*000850 

30*81 

8*83 

3*21 


It 

4*003 

12*73 

0*000950 

33*49 

17*74 

10*10 

Average 

3*992 

12*24 

0*000914 

29*95 

9*32 

4*57 



3*980 

12*73 

0*000950 

33*49 

16*98 

10*24 


2 

4*012 

12*05 

0*000900 

32*82 

12-38 

5*63 


3 

4*004 

12*05 

0*000900 

32*15 

8*39 

3*82 

OH < 
O) 

4 

4*00G 

12*05 

0*000900 

31*48 

6*76 

3*23 

1 

5 

4*005 

12*05 

0*000900 

32*82 

10*03 

5*82 


6 

3*985 

11*38 

0*000850 

32*82 

13*55 

8*43 


It 

4*004 

12*05N 

0*000900 

32*82 

17*43 

8*63 

Average 

3*999 

12*05 

\ 0*000900 

\ 

i 

32*63 

12*21 

6*54 


2 Broi^e in neck. 
\ 


1 Unaound at fracture. 


3 Unsound at fracture. 
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Appendix IV. — Fluid-Compressed Ingot. 


Details of tests made upon test-pieces cut in a plane at right angles to length 
of ingot, and marked a, 6, c, d, c, /, gr in each series as per Fig. 10, p. 122. 
Ingot neither forged nor annealed. 


Mark on 
Test- 
piece. 

Length of 
Test-piece 
between 
Shoniders. 

Elastic Limit 
in Tons 
per Square 
Inch. 

Elongation 
per Inch 
at 

Elastic Limit. 

Breaking- 
Stress in 
Tons per 
Square Inch. 

Elongation 

immediately 

before 

Fracture. 

Contraction 
of Area at 
Point of 
Fracture. 


fa 

COM 

12*05 

0*000900 

32*82 

Per cent. 

16*83 

Per cent. 
11*86 


> 

3*721 

8*70 

0*000650 

26*12 

11*85 

5*44 

HH 

c 

3*670 

10*71 

0*000800 

27*46 

12*53 

7*41 


d 

3*743 

9*37 

0*000700 

15*40 

2*67 

1*60 

<u 

CO 

€ 

3*721 

8*70 

0*000650 

27*46 

20*69 

15*86 


f 

3*722 

8*70 

0*000650 

, 27*46 

13*48 

7*22 



3-726 

9-37 

0*000700 

32*15 

17*95 

10*24 

Average 

3*720 

9*66 

0*000706 

26*98 

13*71 

8*51 

1 

1 


12*73 

0*000900 

33*49 

16*92 

11*04 


1 


10*71 

0*000800 

29*47 

19*17 

9*43 

H 

9 


10*05 

0*000750 

28*80 

15*12 

10*40 

OQ 

•S" 

£ 


3*728 

9*37 

0*000700 

28*80 

16*20 

10*24 

r 

\e 


10*71 

0*000800 

29*47 

16*42 

10*04 

! 

r 


10*71 

0*000800 

29*47 

16*96 

11*84 



3*744 

12*73 

0*000950 

33*49 

15*11 

5*82 

Average 

3*728 

11*00 

0*000821 

30*43 

16*55 

1 9*94 


'a 

3*738 

13*39 

0*001000 

32-82 

16*74 

11*04 


h 

3*676 

11*38 

0*000850 

30-81 

17*11 

10*24 

S 

0 

3*739 

11*38 

0*000850 

30*14 

9*17 

3*81 

OQ 

a» -i 

•cJ 

d 

3*742 

10*71 

0*000800 

28*13 

6*42 

3*61 

o 

CO 

e 

3*743 

11*38 

0*000850 

30*14 

10*23 

6*02 


f 

3*747 

11*38 

0*000850 

29-47 

8*70 

3*80 


iflr 

3*721 

12*73 

0*000950 

32*15 

18*46 

10*84 

Average 

3*729 

11*76 

0*000878 

30*52 

12*40 

7*05 
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Ambndix rv (Fluid-Comprebsed Ingot) — continued. 


Kt«rk on 
Teet- 
Pieoe. 

Length of 
Test-piece 
between 
Bbonlders. 

Elastic Limit 
in Tons 
per Square 
Inch. 

Elongation 
per Inch 
at 

Elastic Limit. 

Breaking - 
Stress in 
Tons per 
Square Inch. 

Elongation 

immediately 

before 

Fracture. 

Contraction 
of Area at 
Point of 
Fracture. 


1 

Inches. 

3*714 

12*73 

0*000950 

32-15 

Per cent. 
16*79 

Per cent. 
9*60 


ii 

3-641 

12*05 

0*000900 

31*48 

10*49 

4*40 

fei 

9 

3*742 

12*05 

0*000900 

31*48 

9*70 

4*00 



3*737 

11*38 

0*000850 

31*48 

13-83 

6*61 

6 

3*728 

12*05 

0*000900 

31*48 

8*71 

4*41 


1/ 

3-736 

12*05 

0*000900 

30*81 

9*20 

4*40 



3*726 

12*73 

0*000950 

32*82 

21*09 

12-60 

Average 

3*717 

12*16 

0*000907 

31*67 

12*83 1 

1 6*57 


a 

3*735 

12*73 

0*000950 

32*15 

16*43 

13*02 


b 

3-675 

12*05 

0*000900 

28*13 

6*20 

2*20 


0 

3*742 

12*05 

0 000900 

27*46 

3*82 

1*60 

oa 

1 

d 

3*742 

12*73 

0 000950 

28*80 

5*18 

2*20 

6 

3*743 

12*73 

0 000950 

30*81 

6-89 

3*40 


/ 

3*734 

12*05 

0*000900 

31*48 

14*21 

9*01 


Vl7 

3*744 

11*38 

0 000850 

32*82 

18 24 

10*42 

Average 

3*730 

12*25 

0*000914 

30*24 

10-13 

5*97 


'a 

3*733 

12*73 

0 000950 

32*82 

21*80 

6*03 

1 

b 

3*679 

12*05 

0 000900 

32*82 

16*39 

11*84 

H-i 

> 

c 

3*725 

12*05 

0*000900 

30*14 

4*91 

1*80 

00 j 

d 

3*716 

17*41 

0 001300 

34*83 

5*05 

3*01 

£ 

e 

3*740 

14*73 

0*001100 ! 

32*15 

5*00 

2*20 

f 

3*731 

12*05 

0*000900 

32 82 

15*92 

9*63 



3*722 

13*39 

0*001000 

32*82 

14*34 

8*83 

Average 

3*720 

13*49 

0*001007 

32*63 

11*91 

5*33 



3*718 

12*73 

0*000950 

33 49 

17*85 

16*89 



3*712 

12*05 

0*000900 

23*44 

2*80 

1*61^ 

a 

>■ 


3*752 

11*38 

0*000850 

22*77 

3*25 

1*01 

00 J 

!<* ; 

3*751 

11*38 

0*000850 

29*47 

12*34 

10*08 

c 

£ 

■ 

3*736 

11*38 

0*000850 

29*47 

11*64 

5*62 


3*755 

10*71 

0 000800 

28*13 

12*49 

7*84 


1 

3*745 

10*71 

0*000800 

29*47 

21*09 ! 

24*29 

Average 

3*738 

11*48 

0*000857 

28*03 

11*63 

9*62 


^ Broke in neck. 
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Mean results obtained from the test series cut longitudinally and at increasing distances from the centre, of the unpressed and fluid- 
compressed ingots respectively, compared as to elastic limit, breaking stress, percentage of elongation before fracture and contraction of 
area at point of fracture. Ingots neither forged nor annealed. 
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Appendix VIII. 

Mean results obtained from the test-pieces cut transversely and at increasing 
distances from the centre of the unprossed and fluid-compressed ingots respec- 
tively, compared as to elastic limit, breaking-stress, percentage of elongation 
before fracture, and contraction of area at point of fracture. Ingots neither 
forged nor annealed. 


Ei-Asrir Limit in 




Unpbessbd Ingot, Fig. 9, 

p. 121. 

Pressed Ingot, 

Fig. 10, p. 122. 



Mean Value In Tons per Square Inch 

Mean Value in Tons per Square Inch 

Position along 
Axis in Figs. 

9 and 10. 


of Section. 



of Section. 


Test- 

Test- 

Test- 

Test- 

Test- 

Test- 

Test- 

Test- 



Pieces 

Pieces 

Pieces 

Pieces 

Pieces 

Pieces 

Pieces 

Pieces 



No. a 

No b 

No. c 

across 

No. a 

No. b 

No. c 

across 



and 

and 

and 

Axis of 

and 

and 

and 

Axis of 



No.ff. 

No./. 

No. «. 

Ingot. 

No. 

No./. 

No. 

Ingot. 

Scries 

I. 

12*05 

12*05 

11*04 

12*05 

10*71 

8*70 

9*70 

9*37 


II. 

11*71 

11-71 

10*38 

10*71 

12*73 

10*71 

10*38 

9*37 


ni. 

11*71 

12*05 

11*71 

11*38 

13*00 

11*38 

11*38 

10*71 


IV. 

11*71 

11*38 

11*71 

11*71 

12*73 

12*05 

12*05 

11*38 


V. 

12*05 

11*38 

8*70 

11*38 

12*05 

12*05 

12-39 

12*78 


VI. 

, , 

, , 

• • 

. . 

13*06 

12*05 

13*39 

17*41 

»» 

VII. 

•• 

•• 

*• 

•• 

11*72 

11*38 

11*38 

11*38 

Mean value 1 
of the Series/ 

11*85 

11*71 

10*71 

11*25 

12*29 

11*33 

11*52 

11*76 





BUEAKING-STREbS. 




Series 

I. 

29*47 

29*80 

29*47 

29*47 

32*48 

26*79 

27*46 

15*40 


II. 

29*80 

30*14 

28*80 

28*80 

33*49 

29*47 

29*13 

28*80 

99 

III. 

30*81 

30*81 

31*14 

30*81 

32*48 

30*14 

30*14 

28*13 

99 

IV. 

31*48 

30*14 

31*14 

20*78 

32*48 

31*14 

31*48 

31*48 


V. 

28*13 

25*45 

10*05 

25*45 

32*48 

29*80 

29*13 

28*80 

99 

VI. 


« • 

• • 

, , 

32*82 

32*82 

31*14 

34*83 

99 

VII. 

** 

•* 

** 

*• 

31*48 

25*79 

26*12 

29*47 

Mean value 

^^4 

29*37 

26-12 

28*26 

32*53 

29*42 

29*27 

28*13 


Average percentage of elongation immediately before fracture. 


Series I 

9*74 

12*90 

13*48 

11*88 

17*39 

12*66 

16*11 

2*67 

„ II 

6*31 

12*44 

10*75 

11*51 

16*01 

18*06 

15*77 

16*20 

„ III. 

6*89 

6*93 

12*15 

10*16 

17*60 

12*90 

9*70 

6*42 

„ IV. 

7*59 

4*70 

4-57 

2*49 

18*94 

9*84 

9*20 

13*83 

» V. 

3*03 

1*21 

0*26 

2*37 

17*33 

10*20 

5*35 

5*18 

„ VI. 

• • 




18*07 

16*16 

4*95 

5*05 

» VII. 

i 

** 


*• 

19*47 

7*25 

7*45 

12*34 

Mean value 

1 6*71 

7*64 

; 8*24 1 

8*28 

17*70 

12*44 

9*80 

8*81 


Mean percentage of Contraction in Area at point of fracture. 


Series 

I. 

4*70 

7-65 

6*63 

8*03 

11*05 

6*33 

11*63 

1*60 

99 

11. 

2*81 

5*82 

5*51 

5*82 

8*43 

10*63 

10*22 

0*24 

99 

III. 

3*51 

2*50 

6*71 

5*03 

10*91 

7*02 

4*91 

13-61 

99 

rv 

2*50 

1*10 

2*20 

0*80 

10*80 

4*40 

4*20 

6*61 

99 

V. 

0*60 

0*60 

0*20 

0*60 

11*72 

5*60 

2*50 

2*20 

99 

VI. 

. , 

•• 

. . 


7*13 

10*73 

2*00 

3*01 

99 

VII. ! 

** 


•• 


20*59 

; 4*72 

3*31 

10*08 

Mean value 

2*82 

3 * o3 

4*25 

4-056 

11*57 

7*06 

5*54 

5*34 
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i 

1 

1 Ingot was cut into halves, and showed a 
\ very small pipe along the centre. 

Ingot was parted, and was perfectly sound. 

I Ingot parted across middle, no pipe or 

1 cracks visible, but two small holes near 

I the centre. 

Do. do. 

Parted and found perfectly sound. 

Do. do. 

f Parted into three pieces, and appeared 
\ quite sound. 

/Parted in five sections, and each quite 
{ sound. 

Do. do. 

Do. do. 

j Sound, as per Fig. 7, p. 1 1 6, and photograph, 

1 but weak along centre, owing to small 

I pressure employed. 

/Parted into rings, and all perfectly 
\ sound. 

Do. do. 

Do. do. 

Do. do. 

Do. do. 

Made 

in 

Press. 

00<M ;; ^ ro ^ RRRRS 




Tons. 

2,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

2,000 

2,000 

10,000 

10,000 

10,000 

8,000 

8,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 


.CO w 1 -i 1-1 r-<00<M <M l>-QO 00 00 00 i-t CO CO i-( f-t <M O »0 

§Wr-lrH rH CO CO rH 

HW tH Oi VO 

t— ( rH 1 — ( 1— « i-< rH 

Gloss Fressnre 
on the ends 
of the Ingot. 

r-o o oo o oooo o o ooo o o 

o lO uo lO iro CO r- ( J— • <M CD O O O O CM O O O O CO ^ O 

ScM (*0 crb 00 ocb 0 > os lO W 

SrHCOCO CO CO»OrHi-lCOi-HOOOa)C75 CM »0 COCO^rHCi* 

HcMOiOs a> o;>'shii>i>o-+<cM cmcmut^oo^ a> co^ 

r-T rH 1-7 THoTr-T r-T r-7 r-T CM* CM CM CcT CO* CcT l>7 CO CO C^T CO 

Time during 
which the 
Pressure 
acted. 

■§ E hn "S him 

go O CO CO CM O r- oo O O O geo go oo I-H 00 I-H ■»£« 

gr-tcoco CO COT^^^f^'1^1COCOl^^>t^-<tlTH^2 B COtH'^OIQ 

Pressure on 
Gauge 
per 

Square Inch. 

Tons. 

0- 3 

1*0 

1- 0 

1-0 

10 

1*25 

0*875 

0*875 

1*50 

2*00 

2*125 

2*125 

2*125 

1*00 

1*50 

2*00 

4*00 

2*00 

2*00 

1*50 

1 2-25 

1 2-00 

Size of Ingot. 

Inches diameter. 1 

9 

15 

15 

15 

15 

15 

15 

15 

17 

21 

21 

21 

21 

28 

32 

34 

Hoop 31-inch ex- 
ternal and 16- 
inch mtemal dia. 

Do. 

Do. 

Do. 

Hoop 36i-in dia. 
with 19-m. core i 

: Do. 1 

1 ' 

1 

^ t ^ t ^ ^ S B 

o oO o ^ S o S 

No. 

« CO ,H west- ■» ao ^ SS2S S 5 SSS 53 § 
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Discussion. 

Mr. J. D. Ellis said the Paper required a great deal of con- Mr. ElUg« 
sideration, for when looked at it really amounted to this, that not 
only in England, but in the world, only two steel-makers were 
making steel upon the proper system. He thought that would 
hardly be admitted. Considering the splendid steel which had 
been produced for some years by English and foreign makers — 
such makers as Messrs. Vickers, Messrs. Firths, Messrs. Cammell, 
and others in Sheffield, Messrs. Krupp, the Creusot Company, and 
others on the Continent, it could hardly bo supposed that their 
working had been altogether wrong for so many years. No doubt 
the Author believed everything he had said to be absolutely correct, 
but there were several statements in the Paper which, as far as 
his own experience went, were not correct. The first complaint 
he had to make of the Paper was with regard to Fig. 2. If that 
represented anything like the ingots of which the steel-makers of 
England wore making steel, the sooner they gave way to others 
who would make a more reliable material the better. But he 
contended that that did not represent the ingots that were being 
used in the trade. The Author had said that it was necessary to 
cut off one-third of the ingots made unless they were compressed. 

With that he entirely agreed, but he did not admit that this was 
altogether an evil. Those who had been in the habit of making 
large ingots were aware that if the metal was kept hot enough 
for a sufficiently long time, the various impurities, always to be 
found in steel, would gradually come to the top ; and when the 
top third of the ingot was cut off, the two-thirds remaining wore 
really better than the original mass of the ingot. He was speaking 
of the ingots of steel, not poured into iron moulds, but into sand 
or other material. The samples exhibited, he presumed, had been 
poured into iron moulds, and that fact accounted for their un- 
soundness on the edge, referred to by the Author. But large 
ingots that had been poured into moulds made of composition did 
not show that inequality, or any appreciable objectionable portions. 
During the past few years he had cut through many ingots, and 
he was prepared to state that when the top third of an ingot was 
cut off, the other portion was absolutely sound, and there was not 
one ingot in twenty that had a speck in it as large as a pea. He 
was therefore justified in saying that Fig. 2 did not represent the 
kind of ingot that steel-makers who were really making good steel 
[the INST. C.E. VOL. XCVin.] L 
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ilf^ mUi* were at present producing. The Author had stated, “ The short- 
ening in the length of the ingots, measured between the lengths 
when fluid, and on removal of the ingots from the mould after 
pressing, usually amounts to inch per foot of length.” He had 
measured ingots year after year, say 4 feet in diameter and 12 feet 
in length, that without any pressure would sink at least 1 inch in 
the foot; that showed that the steel itself must be exceedingly 
solid even without the pressure given by the Whitworth press. 
He had seen Sir Joseph Whitworth some years ago on the subject, 
and Sir Joseph had told him that he had not then brought the 
matter to perfection, but that when he had, he should be happy to 
speak to steel manufacturers with a view to their taking licenses. 
But from that time to his death he had never heard anything from 
him on the subject ; he therefore presumed that he had never made 
up his mind to carry it out. The Author had further stated, “ The 
freedom of rolled and hammered bars from roaks and seams is for 
special applications of exceeding importance ; and it is within the 
Author’s knowledge, that to ensure this with ordinary ingots, as 
much as 30 per cent, of the metal has been turned away from the 
surface of the ingots, in order to remove the surface honey-comb 
before commencing to hammer or roll the metal ; whilst the same 
orders have been fulfilled with equally clean bars from fluid com- 
pressed metal without the preliminary loss in material, labour and 
time, involved in turning down the ingots.” He could only say 
that that was not hjs experience ; he did not find that roaky 
exterior existed in the ingots at present being made. With 
reference to the concluding part of the Paper, which referred to 
armour-plates, he observed that the Author had taken notes of the 
tests against iron armour-plates, but for some years past all the 
tests of steel shot had been made against either steel or steel-faced 
plates, so that he could not draw any comparison from them. 

Mr. Parker. Mr. WiLLiAM Pauker remarked that seven or eight years ago he 
had met Sir Joseph Whitworth on a visit to his works at Open- 
shaw, and he was highly gratified to see the magnificent plant 
and the excellent material that was being turned out. He con- 
sidered that it was really the correct material for the purpose for 
which it was being manufactured, more especially for marine- 
engine shafts, in which he was more particularly interested. 
The question as to what was the proper material for these shafts 
was one of very great moment to marine engineers and ship- 
owners. He had recently received a circular issued by the 
International Underwriters’ Association of Berlin, which had 
been confirmed by the underwriters of this country, in which 
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it was stated that of the losses they had to pay, and the claims Mr, Hthst* 
made upon them, from 28 to 29 per cent, were for broken 
shafts. He was sure that if a material could be produced that 
would reduce that great percentage of accidents, it would be a 
great boon to the ship-owning community in regard to the saving 
both of life and of property. Considering the number of large 
Atlantic steamers sailing between England and America with 
shafts of quite 30 feet in length and 26 inches in diameter, and 
the number of lives and the quantity of property on board, every 
one would agree that the proper material for these shafts was 
one of the most important considerations in connection with the 
manufacture of steel. On the occasion of his visit to the works at 
Openshaw, Sir Joseph Whitworth (than whom, in his opinion, 
no greater mechanician then lived) informed him that in order 
to obtain a thoroughly homogeneous sound material, it should, he 
considered, have a pressure put upon it in the form of work of no 
less than 20 tons to the square inch. He cast for him an ingot 
like that described by the Author, and he saw the ingot reduced 
from 10 feet in length to 9 feet ; but even at that time there was 
only a pressure of 6 tons put upon it. By means, however, of his 
powerful hydraulic presses he obtained the other 14 tons, and he 
then came to the conclusion that he had a perfectly homogeneous 
steel. In 1878 he and his colleague, Mr. Mar tell, in investigat- 
ing the subject of steel for ship-building and boiler-making 
purposes, visited the various steel- works in the Kingdom, and also 
the works where steel was being manipulated into various forms, 
and they were told by Mr. Webb, a man of great authority both 
as an engineer and steel-maker, that in order to obtain a thoroughly 
homogeneous and sound plate it should be worked from an ingot 
quite twenty times its thickness. That view was corroborated by 
another great steel-maker, Mr. Sharp, of Bolton. In 1885 ho was 
instructed by the Committee of Lloyd’s Eegister, which ho repre- 
sented, to visit the Continent and to visit the various works with 
a view to ascertaining their practice. In France he called at the 
Terre Koire Works, and there met the eminent chemist and metal- 
lurgist, Mr. Pourcel, who gave him a very different view of the 
method of producing a sound, solid homogeneous material. If not 
out of order, he should be glad to read an extract from the report 
that he had made on the subject : — 

“ Mr. Pourcel pointed out that what Sir Joseph Whitworth and others con- 
sidered necessary, in the form of mechanical work to produce a sound piece of 
steel, could be equally well obtained by chemical means without any mechanical 
work at all. Mr. Pourcel was kind enough to show me his whole process In the 
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pwlMkMSi flirt instance lie Bubstituies for the Bilicide of iron and manganese an alloy 
J ^ manufactured at the 'works, containing about 10 per cent, of silicon, 80 per 

cent, of manganese, and from 1 J to 2 per cent, of carbon. A certain proportion of 
this alloy is added to the metal at the end of the process, that is to say, before 
the metal is poured from the furnace to the mould ; the two reducing elements 
act together, and at once combine with the whole of the remaining oxygen in the 
bath, preventing further oxidation of the carbon from taking place and forming a 
very fusible slag which is composed of a silicate of iron and manganese, and this 
slag rises quickly to the surface ; the formation of carbonic oxide gas, which 
would otherwise form the blow-holes when the metal is cold, is thus prevented, 
and also the steel becomes purged of its injurious constituents, which pass off in 
the slag to the head or runner on the casting, and leave it perfectly sound and 
homogeneous ” 


He witnessed at those works not only large masses such as trun- 
nions for guns, and even armour-plates, hut also guns made by 
the process adopted at Terre Noire, and Mr. Pourcel had in his 
presence a hoop made, an ordinary casting, about 14 inches in 
diameter inside, 2 inches thick, and 4 inches deep. When it was 
produced from the sand, he thought that if it was placed under a 
steam-hammer it would fly to pieces ; but it was passed through 
his process, annealed in baths of oil, and then bent double cold 
without the slightest flaw. On visiting the works of Messrs. 
Schneider and Co., the managing Engineer-in-chiof, Mr. J, Barba, 
gave him his views on the subject. He said that, with regard to 
cast-steel versus wrought or hammered steel, so far as his experience 
had gone, he was not prepared to use cast-steel in preference to 
hammered steel for heavy and important parts ; he believed that 
hammering a piece of steel did improve its quality considerably ; 
but, on the other hand, he was not prepared to say that the results 
obtained by mechanical treatment, such as he had described, could 
not also be equally obtained by chemical means, and he believed 
that eventually this would be obtained. However, at Creusot no 
such results had yet been arrived at, and for some time to come 
hammered material must be adopted in place of cast for large 
pieces. Mr. Barba further explained that from experiments he 
had recently been making, he was led to believe that great changes 
took place in the structure or crystallization of steel during the 
process of cooling or transition from a fluid to a solid state, and 
that in making steel-castings, too little attention had hitherto been 
paid to this point. As an illustration, he cast an ingot of zinc, 
about 6 inches long, dividing it into three sections, which, by 
encircling water round the ingot mould, and other means, he 
caused to solidify under different conditions of cooling ; the ingot 
was then broken into two pieces, and the fracture of each section 
showed a different appearance ; the section of metal that had solidi- 
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fied rapidly bore a granular or small crystalline appearance, whilst Mr. 
the section that solidified slowly bore a fibrous crystalline appear- 
ance, clearly proving that in order to obtain a casting of uniform 
structure throughout, it was necessary to make it of such a form as 
would admit of its solidifying uniformly, and to arrange matters so 
that the rate of cooling was such as would produce a structure 
giving the maximum of ductility, or to anneal it subsequently, so 
as to rearrange its crystalline structure. That was, in Mr. Parker’s 
opinion, the most important point in connection with obtaining a 
solid steel ingot. Again, in the same year, he was instructed to 
investigate the subject of cast-steel verms wrought-steel for large 
crank-shafts and other important parts of marine engines. He had 
prepared a table to show that cast-steel without any work upon it 
was in its tensile-strength, in its ductility, and in its bending 
properties, very nearly equal to the best steel made by fluid com- 
pression. 


Tests of Forged- and of Oast-Steel and Wrought-Irov, to withstand 
Tension, Torsion, and Bending. 


Makers. 

Tensile. 

Torsional. 

Bending. 

Tons per 
Square 
Inch. 

Elun^ition 

in 

2 inches. 

Twisting 

Moment. 

No. of 
Tv\ ists in 
10 Inches.l 

Dimen- 

Monb. 

Angle 

through 

which 

Bent.^ 

Forged 

steel. 

Whitworth 

Vickers 

Siemens . . 
Bolton . . 

2G-25 

27-00 

30-00 

35-28 

Per csent. 

42-0 

38-7 

23-4 

35-5 

Inch-lbs. 

3,432 

4,499 

12-8 

5-1 

Inch 

Square 

n 

li 

li 

o 

180 

180 

112 

-i Spencer 

1 Jessop . . . 

2 j Steel Company of j 
^ 1 Scotland 

O IStccl from ingot . 

23-73 

28-13 

28-21 

22-68 

31-5 

12-5 

9-0 

3,972 

3,756 

3,516 

3,168 

10- 7 

11- 3 

5-0 

5-2 

11 

li 

H 

H 

77 

167 

195 

114 

Wrought 

iron. 

:: 

19- 78 

20- 08 
15-20 

20- 9 

21- 0 
10-0 

2,520 

2,040 

2,820 

4-9 

2-5 

10-0 




Further he would simply say that one of the firms he visited 
seven or eight years ago was at that time commencing the 
making of crank-shafts, for marine engines, varying from 9 to 15 


* The diameter of the torsional test-pieces was f inch. 

* The Journal of the Iron and Steel Institute, 1883, Plates II and III. 
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11114 inolies in diameter. Since then, from two hundred to three hundred 
of those shafts had been made, and were now running in ocean 
steamers, and he had never heard of a single failure. That went 
far to prove that it was not absolutely necessary to have all the 
work referred to in the Paper put upon steel. Mr. James Eiley, 
of the Steel Company of Scotland, read a Paper on the same subject 
in 1887. Before doing so and making his experiments, he held 
very much the same opinion that Mr. Parker held, together with 
Sir Joseph Whitworth and a number of other persons, that it was 
absolutely necessary to have a great amount of work put upon 
the material. He would quote, however, one short passage of Mr. 
Eiley’s Paper. “ The teaching of all this seems to be, that if you 
want a strong steel, without caring greatly about its ductility, put 
abundance of work upon it ; but if you desire a plate of medium 
strength and of high ductility, do not put an excessive amount of 
work upon it ; and if you would increase the ductility, anneal it 
carefully after rolling.” ^ Those were Mr. Eiley’s remarks after he 
had altered his opinion. Mr. Parker had a little while before 
endeavoured to demonstrate the same thing to his own satisfaction, 
and he had stated during the discussion, “ To summarise the 
results of these experiments, he might say that he had an ingot 
made, 6 feet in length, and a piece cut from it 15 inches thick, 
another piece 12 J inches, another 10 inches, another inches, 
another 5 inches, another 3 inches, another 2 inches, and the last 
one, 1 inch thick. Those pieces of steel were hammered and rolled 
into ^-inch plates, and, when tested, the tenacity of the plate rolled 
from the large piece, 15 inches thick, was found to be 25-9 tons to 
the inch, with an elongation of 27 per cent.,^ while the piece that 
had no work put upon it except rolling it from 1 inch thick to 
^ inch, had a tenacity of 25 *8 tons with an elongation of 26 per 
cent, in a length of 8 inches.” That he thought was a pretty 
conclusive proof that something else besides work was required in 
producing a solid plate of a homogeneous character. He did not 
think it unnecessary to put work upon the steel ; but was it neces- 
sary to procure all that elaborate machinery, and to go to so great 
an expense, for the purpose of crushing the steel up in its fluid 
state, with a view of getting it homogeneous, when it was very 
evident that this could be accomplished with much less work ? He 
considered other matters were quite as important as work. In 
the first place, he thought a thorough knowledge of melting was 

' The Journal of the Iron and Steel Institute, 1887, p. 126. 

* IWd., p. 133. 
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necessary, and means should be taken by which ingots should be Mr. 3Ntte« 
allowed to cool uniformly, thus preventing crystallization and the 
existence of initial stresses ; and if any initial stresses existed in 
the piece after forging, means for relieving these stresses should be 
adopted, by annealing or otherwise. All those things were, in his 
opinion, of equal importance to the work put upon the material by 
the fluid-compressing process. He was sure that if steel- makers 
could produce a material, which was, beyond doubt, thoroughly 
homogeneous and sound, they would be conferring a great boon not 
only upon the engineering community of the country, but upon 
shipowners and underwriters, who had to pay enormous claims for 
the broken shafts to which reference had been made. 

Mr. James Eiley said that the data in the Paper to which Mr. Mr. Riley. 
Parker had referred were very voluminous, consisting of many 
hundreds of tests, from which Mr. Eiley had deduced the opinion 
that had been quoted. But he did not think it necessary even 
to go so far to establish the case which Mr. Parker had laid 
before the members. Even in the Paper now under discussion 
there was sulficient proof of the position which he had taken up. 

The Author had neglected one or two points of very great 
importance, one of which had been already pointed out by Mr. 

Ellis. lie had stated (p. 108) : “ But in order to ensure that 
the tests from all parts of a pressed ingot shall give practically 
uniform results, except so far as local chemical composition and 
liquation of elements afiect such tests, a pressure of from 12 
to 15 tons is desirable.’’ The particular point which the Author 
had mentioned only incidentally, but which Mr. Ellis had referred 
to specifically, and which was known to be of vast importance, 
required more consideration than had been bestowed on it. 

Probably it might have led to clearer conclusions on this point if 
the chemical analyses had been given. The Author had referred 
to 1881, and seemed to imagine that no progress had been made in 
the eight busiest years in the history of steel manufacture, and that 
plum-pudding ingots, like those represented in the diagrams, 
were now being made. Every one acquainted with the manu- 
facture of steel knew that these were not proper representations 
of the ingots cast in any good works. If the Author’s summaries 
were neglected, and his data examined, as at p. 139, the average 
results of his tests would be found; and without entering into 
much careful consideration, it would be seen at once that his 
deductions were false. In one place he had stated that the best 
of the unpressed ingot was not equal to the average of the pressed 
ingot. But, on looking at his statistics, it would be seen that the 



ISS BlSCtJflSION ON THE TBBATMBNT [Miniites^ 

greater uniformity was in the tests of the unpressed ingot. 
Whether taking the elastic limit, the breaking-stress, the elonga- 
tion, or the contraction of area, it would be found that the 
unpressed portions were equal in strength to, if not better than, 
the ingot which had been subject to the barbarous treatment 
described, and they were also more uniform. The Author was 
confuted by the results which he had himself stated. Let 
manufacturers, therefore, not put down presses, even if it were 
assumed that there were only two perfect steel-makers in the 
universe. The Author appeared to have pleasure in pointing to 
the fact that, in looking at the elongation of the steel under test, 
it was in the amount of extension before fracture that the com- 
pressed ingot showed its maximum of superiority; and he had 
forgotten what no one practically engaged in steel-making in the 
present day should forget, that a piece of steel having only 0 • 35 
of carbon would extend a great deal more than a piece which had 
0*50 of carbon in it. Having ignored those elementary facts, he 
pressed upon the members the particular point that the elongations, 
which were quite normal for steels of the composition given, 
were so much to the credit of the pressed steel. 

ICr. Tickers. Mr. Thomas E. Vickers held that the members ought to feel 
indebted to the Author for his description of the fluid compres- 
sion of steel, especially as it afforded an opportunity to discuss 
the merits of a process which for years past had been talked about 
and extolled by technical school metallurgists, newspaper writers, 
and people not conversant with the proper theory or practice 
of the manufacture. Some years ago Mr. William Annable, who 
had been for six years in the employment of Sir Joseph Whitworth 
and Co., wrote a Paper “ On the Compression of Fluid Steel.” ^ 
In that Paper it was stated that pressure was maintained upon 
each ingot for twenty to forty-five minutes, according to size. It 
was also stated that all the ingots so pressed had cavities in 
the upper part of the ingot, and that into one of the cavities in 
a 28-inch diameter ingot, 270 cubic inches of water were poured. 
Mr. Annable gave theoretical reasons for those cavities with which 
Mr. Vickers did not agree. Pressure continued for so short a 
time must be useless for ingots properly melted. To be effective 
the pressure must be maintained until the whole of the steel was 
solidified, and that solidification must require at least two and a 
lialf hours in an ingot of 28 inches diameter. The pressure 
exerted must be sufficiently great to be capable of forging the 


A copy of this Paper is in the Library of the Institution. [Tracts 8vo. vol 466.] 
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constantly-increasing dimensions of the walls of the ingot, in Mr. Ylolsm 
order to attain solidity. The Author had stated that at the Abou- 
choff Works the pressure was maintained for three and a half 
hours on a 34 •25-inch ingot. That increased time accounted for 
the better results obtained at the Abouchoff Works, compared with 
those described by Mr. Annable. If the linear expansion and 
contraction of steel in the molten state were identical with those 
in the unmolten state, the theoretical cubical contraction would be 
approximately 1 per cent, for each 500® Fahrenheit. It was 
unknown at what degree of heat steel was poured into the moulds, 
but if it was assumed to be 4,000®, the total contraction to the cold 
state should be about 8 per cent. From trials, he believed the 
total contraction to be about 9 per cent. Of that amount about 
6 or 6.^ per cent, was accounted for by the contraction of the 
exterior of the ingots, and about 2 J per cent, by the internal con- 
traction. The supplying or not of that 2^ per cent, with fluid 
steel determined whether the ingots became solid or not. If 
steel, when poured into the mould, was in a proper condition, 
and of suitable chemical composition, it lay perfectly still in the 
mould, without any escape of gas, and the upper surface began 
to sink and form the so-called “ piping,’* which was due to the 
supplying of steel to the parts contracting internally. In the 
case of mild steel, the surface generally cooled over, and formed a 
crust of varying thickness. The piping, however, went on under- 
neath that crust, and formed what the Author described as a 
“pear-shaped cavity.” To avoid that cavity without fluid pres- 
sure, a head should be put on the ingot to supply the necessary 2 J per 
cent, of fluid steel, and by that means absolute soundness would 
be obtained. If, on the contrary, the steel, when poured into the 
mould, was badly melted or in a condition conducive to the 
elimination of occluded gases, considerable ebullition would be 
noticed, followed by the rising of the upper surface of the steel as 
soon as it was no longer sufficiently fluid to allow the escape of 
the gas-bubbles. The bubbles, unable to rise, formed cavities 
called honey-combs. In the early days of the Bessemer and 
the open-hearth processes, he had seen steel quite frothy 
with the quantity of escaping gas-bubbles. Fluid compression 
would be absolutely necessary to make an apparently solid ingot 
of such material, but he doubted whether any pressure could make 
a really reliable ingot of it. Fig. 12 represented an impression 
from a section cut across the centre of a steel ingot, which he had 
cast without a head some six or seven years ago, to demonstrate 
to some engineers that steel ingots properly made had no zone of 
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3iiP» Tktos* xuisotuidness, and also to show the extent of the interior contraction 
of steel ingots. With the exception of the central pear-shaped 
cavity, the ingot was free from cavities. If that ingot had been 
supplied with the usual head, it would have been without any 
cavity. Fig. 13 represented the section of an ingot intended for a 
gun jacket. The interior part being cut out before forging, the 
contraction cavity in the centre would be in no way detrimental. 
The centre and upper portion of the ingot after removal were 
slotted through the middle, and an impression was then taken, so 


Fig. 12. 



Fig. 13. 



that the Fig. showed accurately the extent of the cavity. There 
were no honey-combs whatever. The advocates of fluid compres- 
sion attempted to prove the necessity of the process, by the asser- 
tion that the gases which were driven off during the process were 
being eliminated from the steel. He was positive that all those 
gases proceeded from the carbonaceous and organic matter in the 
linin g of the mould. When unpressed ingots were cast in moulds 
lined with similar composition, even when the thickness of lining 
was not more than ^ inch, there was always an escape of gases, 
which burned at every outlet. The gases were given off more 
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rapidly during fluid compression, because hot particles of steel Mr* Vidcm 
were forced into the pores of the lining, and thus got more quickly 
into contact with the gas-producing materials. The Author had 
stated, and Mr. Vickers believed he was in the main correct, that 
the occluded gases were eliminated as the steel solidified. As it 
required over three hours for the ingot described by him to solidify, 
it followed that gases were given off constantly during that time. 

In the early stage of the process a solid wall was formed, and 
partially forged by the pressure. That wall surrounded a molten 
mass in the centre. Was it conceivable, then, that gases eliminated 
after the formation of this wall could be driven through it, and, 
above all, without leaving a trace of their passage ? The Author 
had stated that the usual contraction in length alone was 1 J inch 
to the foot, or 12 J per cent. He also directed attention to a state- 
ment, made by Sir Joseph Whitworth in his evidence given in 
1879 in support of his application for a renewal of his patent, that, 
when the pressure is applied to a column of fluid metal, whether 
it is solid or whether it is in the shape of a tube, in five minutes 
after the pressure is applied, the whole mass, whatever its length, 
will go down one-eighth of its whole length, the air being pressed 
out.” Imagine 12^ per cent, contraction in five minutes, and at 
least 8 per cent, to follow by the time the steel had cooled. If 
manufacturers were to believe that statement, they must come to 
the conclusion that Whitworth steel was quite frothy. The fact 
that the renewal of the patent was unopposed showed the estimation 
of its value in the minds of steel-makers generally. If the observa- 
tions of the Author, from which he derived the amount of the linear 
contraction, were correct, he would only say that his steel must 
have been also full of froth, and that accounted for the miserable 
specimen of an un 2 )ressed ingot which he had exhibited. It was 
preposterous that, because he had no experience of steel properly 
treated, he should state that the average of steel ingots made 
by others should be as utterly bad as those of which he had 
experience. The Author referred to the acicular structure of 
steel ingots cooled without pressure. As such ingots were after- 
wards forged, what good could there be in having that structure 
removed during casting? As regarded the saving effected by 
making steel without a head, he thought, as the head was used 
for attachment during forging to the almost necessary porter- 
bar, the convenience of handling outweighed the loss caused by 
the cost of melting the steel necessary for the head. The masses 
he described must be very inconvenient pieces to deal with. He 
now wished to call attention to the tensile-tests of the compressed 
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Fignres in Boman type, tons per square inch. 

„ Italic „ percentages of elongation. 
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ingot. He would not compare them with those of his uncompressed Mr. Vldsen^ 
ingot, as comparison with an ingot so badly made was useless. In 
the Table on p. 156 would be seen the Author’s figures placed in 
the position from which the corresponding test-pieces were taken. 

The figures in ordinary type were tons per square inch, the italic 
figures percentages of elongation. It would be seen that the two 
bottom series, the sides and the top, were, with a few irregular 
exceptions, much better than the interior ones. It was said that 
to avoid irregularities, fiuid compression must be adopted. The 
great irregularities of the figures pointed to the contrary con- 
clusion, as Mr. Tickers held that the Author had succeeded in 
producing an ingot of a most irregular and unreliable nature. 
Supposing those irregularities to be still present when the ingot 
was forged into a shaft or gun, how would it be possible to tell by 
tests, which must be taken from the ends, whether the forging 
was a good one or not ? In the Author’s case the ends were better 
than the centre; but, in the case of an unpressed ingot with a 
proper head, it could be assumed that the end tests would not be 
better than central ones could they be taken. The cause of the 
bad quality of the central parts was attributable to the fact that 
as steel crystallized it endeavoured to throw off the carbon, silicon, 
phosphorus, sulphur, &c. The part remaining fiuid, therefore, was 
continually being supplied with an excess of those elements. The 
parts which cooled first must therefore be purer than those which 
cooled last; as the cooling must take place from the sides and 
ends, these parts must be the best part of the ingot. 

Mr. W. 0. Egberts- Austln said the Author had stated (p. 85), Mr. Roberti 
that “ the occluded gases are supposed to be eliminated only at -^^sten. 
the moment when the metal changes from the liquid to the solid 
condition, as occurs in the oft-quoted and well-authenticated 
examples of hydrogen from platinum, of carbonic oxide from 
palladium, and of oxygen from silver under like conditions.” 

Having had some experience of experiments on the occlusion of 
gases by metals, he might say that, in the case at least of palla- 
dium, the evolution of the gas did not occur necessarily at the 
moment of solidification. The hydrogen, in fact, came off from 
the palladium at the temperature of boiling-water, or even lower. 

Again, the condition under which hydrogen was retained by pal- 
ladium was not a simple question of solution of the gas in the 
metal, but of the absorption of a certain amount of hydrogen by a 
definite hydride of palladium. It was true that, in the case of 
silver, the oxygen gas did appear to be evolved at the moment of 
scJlidification, and in that case there was the remarkable fact that 



168 


BISOtlHSlON OK THE TEEA.TMEKT 


CMUnnteB 


the presence of a small amount of copper appeared to be sufficient 
^ prevent the silver absorbing the oxygen at all. It was possible 
that silicon in iron might act in the same way. It had recently 
been asserted that Bessemer metal contained an inordinate amount 
of nitrogen — ^nitrogen, of course, accompanying the air which was 
blown through the metal; while the open-hearth metal, on the 
other hand, was richer in hydrogen, it having been protected 
from the direct action of air by the layer of slag which covered its 
surface ; and there had been some experimental evidence that the 
superiority of open-hearth metal for certain purposes was due to 
the absence of nitrogen. In the manufacture of the Mannesmann 
tubes it had been found that hydrogen, and a little nitrogen, was 
released from the metal, probably from cavities, at the ordinary 
temperature ; but, with regard to the escape of gases from com- 
pressed metal, it should be remembered that Graham had demon- 
strated that solid iron was freely permeable at a red heat by 
hydrogen. There was an expression in the Paper which gave him 
an opportunity of saying a few words which he had long desired 
to offer to the Institution. He referred to the use of the words 
“ temper ” and “ tempering ’’ by engineers. An old author writing 
some hundred years ago, said ; “ The most useful property of steel 
is that of becoming very hard when ignited and plunged into cold 
water, and the colours which appear on the surface of steel 
slowly heated, direct the artist in tempering or reducing tlie haid- 
ness of steel to any determined standard.’’ It seemed to him that 
engineers had rejected that definition of “ tem2)er,” or at any rate 
had confused the words “ temper ” and “ hardening.” No doubt 
the French word “trempe” was in a certain sense responsible for 
much of that confusion ; but “ acier trempe ” meant “ plunged ” 
steel or hardened steel, and not tempered steel. The Americans 
recognized that, and very properly called hardened steel “ quenched 
steel.” So distinguished an authority as Lord Armstrong, in a 
Paper “On the treatment of Steel for the Construction of Ordnance, 
and other purposes,” read before the British Association in 1882, 
constantly spoke about tempering in oil, when the expression oil- 
hardening should have been used ; and, in the following sentence, 
quoted from his Paper, the use of the word tempering was far 
3from clear : — “ On carrying the reheating to still higher degrees 
(than the melting-point of zinc) the effect of the previous tem- 
pering gradually diminished, but was not altogether obliterated, 
even when the temperature was raised to the bright red heat at 
which the steel had been immersed in the oil for the purpose of 
tempering.” It might be urged that when a certain shade of 
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hardness was assumed, far lower than that which the metal Mr. Boberte* 
would have attained had it been cooled rapidly from a high tern- 
perature by plunging in water, “temper” was given to the metal 
at a single operation by plunging the hot metal in oil ; it might be 
said to have acquired a certain “ temper,” but he thought it would 
be much bettor if the word oil-hardening were used. Then, again, 
the Author, at p. 108, had made what he thought was a very 
unfortunate use of the same word. He had said : “ The figures 
are selected from some hundreds of records, embracing casts from 
both open-hearth and crucible steel, and are made upon tempers 
ranging from 0 • 3 per cent, to upwards of 1 per cent, of carbon.” 

That suggested that the temper of the metal solely depended upon 
its degree of carburization ; the fact being, as was well known, 
that the amount of carbon present simply enabled the steel to 
receive a certain degree of hardness by absolutely definite thermal 
treatment. No one, he thought, would dream of speaking of 
definite tempers of "steel containing from 0*3 to 1 per cent, of 
manganese ; yet, within those limits manganese shared with carbon 
the power of enabling iron to become very hard when rapidly 
cooled from a high temperature, and of being tempered by reheating. 

Those, however, were only very small points in an elaborate Paper ; 
but he took the opportunity of appealing to engineers — he thought 
it was time that metallurgists should make that appeal — to use 
the word “ tempering ” in a consistent way. He remembered 
reading a Paper in the Minutes of Proceedings of the Institution 
which was for some time unintelligible to him, because tempering 
and hardening had been confounded. 

Colonel H. Dyer said that as he was for some years associated Colonel Dye 
with the firm of Whitworth and Co., he had had a good oppor- 
tunity of ascertaining the full advantages of fiuid-pressed steel, 
and although he did not pretend to say that the Whitworth steel 
was the best in the market, for there was plenty of steel quite 
as good, certainly none in England, nor on the Continent, was 
better. But the excellence did not depend upon fiuid pressure. 

It was true that the fiuid pressure was applied, but in the case 
of the Whitworth steel the excellence was a case of post hoc, and 
not of propter hoc. To explain the reason why pressure did not 
do what the Author of the Paper had stated, it was necessary to 
compare the fiuid-pressed ingots as they were made with the 
others. When the metal for an ingot intended to be submitted 
to pressure was run into the mould, the fluid metal in contact 
with the cold mould commenced at once to solidify, and the head 
did the same shortly after the plunger was brought in contact 
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iGUliiMi Dyer, with it. The oonseqnenoe was that the ingot very rapidly 
assumed the condition of a cylinder with a fluid centre, with more 
or less hard exterior surfaces; as these surfaces lost the heat 
necessary to keep mild steel in a semi-fluid condition, a zone 
of metal more or less hard was formed all over the exterior of 
the ingot and the interior remained in a fluid condition, and so 
remained, in the case of a 30-inch ingot, to his certain know- 
ledge about three hours — he could not say how much longer — 
after it had been cast. This zone was described by the Author as 
followed : “ The unsoundness extends towards the centre, in the 
30* 75-inch ingot represented in Fig. 1, to about 3 inches from 
the surface, both at the sides and over the bottom of the ingot.” 
Assuming that description to be correct, although he could not 
accept it as a description of any ingots except the Author’s, there 
was a zone of unsoundness of 3 inches, the blow-holes forming as 
the metal solidified. If the pressure came on just at the moment 
of solidification, that was just during the time that the zone was 
becoming honey-combed, it was possible that a pressure might be 
brought to bear sufficient to force the gases from the 3 inches of 
the outside of the ingot into the channels prepared for its reception. 
It was possible to assume it, although he did not think it was so, 
but if it were done, there would then be an envelope of 3 inches 
outside of perfectly sound metal all over the ingot, the inside 
still remaining fiuid, and therefore in a condition in which blow- 
holes could not be formed, as in this condition the occluded gases 
were not eliminated. But as this fluid metal solidified, the gases 
would bo eliminated if there were any occluded in the metal and 
blow-holes would be formed. The pressure went on, and it was 
asserted that the fluid metal inside cooling gradually eliminated 
the occluded: gases, and that these gases were forced by pressure 
through the solid metal, now formed all over the exterior surfaces 
of the ingot, into the channels prepared for them. If it were 
credited that the gas could be forced by any known pressure 
through 3 inches of solid metal, there still remained about 20 inches 
of fluid metal to be disposed of. Taking the 4th, the 5th, or the 
6th inch, there must come a time when reason would rebel against 
the possibility of believing that any amount of pressure could force 
gas through solid and partially solid material, such as the outside 


of the ingot then consisted of ; in fact, it was implied that the 
already solidified envelope of the ingot, notwithstanding the 
enormous pressure put on the top of it, opened to let the gases 
pass, and then closed without leaving any trace, and that this 


opening and closing arrangement was continued for several hours. 
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He could not believe any such thing could occur. In proof that Colonel 
it did occur, the Author stated that he saw long flames coming out 
and burning. That was true, but if the Author would make an 
unpressed ingot he would see flames precisely similar. Ho had 
himself seen many hundreds of both pressed and unpressed ingots 
cast, and could state from personal observation, that there was no 
difference between the flames coming from a pressed and from an 
unpressed ingot, the flames all came from the material lining the 
mould, nothing proceeded from the steel inside. The question was, 
what became of the gases ? No doubt gases in the best melted steel 
did exist in small quantities, but what became of them ? To ex- 
plain this, it was necessary to compare the pressed and unpressed 
ingots: — the unpressed ingot, when properly cast, had a head 
in the form of a cone, the apex of which in an ingot 20 feet long, 
was from 24 to 36 inches deep. These cones were very regular in 
shape, the apex being exactly on the axis of the ingot. In the 
case of a 30-inch ingot about 20 or 25 feet long, if the head was 
cut off about 14 or 16 inches below the cone it would be found 
perfectly sound. If the pressed ingot was cut off at the same 
distance from the base a largo hole would be found. He was 
certain that no one who had cast those ingots would deny the fact 
that every one of the pressed ingots had a hole at that point, and 
it was there that the gases collected. The Author had declared 
that his ingots, made in Eussia, were absolutely sound, and he 
referred to an ingot 66 inches long, which had been made up into 
a certain number of trunnions, every one of which was perfect, 
there being no waste whatever. That certainly was extraordinary. 

He had never seen an ingot, pressed or impressed, in which 
there was not some unsouiidness and some slag about those parts. 

At p. 119 the Author said : “ It is usual to state that such 
metal is some 18 per cent, stronger under a tensile-stress than 
the metal made without fluid comi)ression.” He had had daily 
opportunities of testing both fluid-pressed steel and steel made 
without fluid pressure, and the results of many hundreds of tests 
showed that, provided the chemical composition was practically 
the same, there was not an atom of difference between the forged 
fluid-pressed steel and the forged unpressed steel; the ductility, 
the strength, and everything else were as nearly as possible 
identical. In regard to the chemical composition of the different 
parts of the fluid-pressed ingot and the unpressed ingot, the same 
remark applied. The facts connected with that subject should 
bo enough to do away with some of the unreasonable^ statements 
that had been made — statements which he was sure those who had 
[the INST. C.E. VOL. XCVIII.] M 
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Dywr, most to do with fluid-pressed steel ingots would he the first to 
deny. What was claimed for the fluid-pressed steel ingot by 
Whitworth and Co., was, that by means of the fluid pressure 
they could get a larger quantity of the ingot for useful purposes ; 
but no one would profess that he could alter the quality 
of the steel by pressure, that he could make good steel into 
bad, or bad steel into good by any pressure that human means 
could put upon it. It stood to reason that it could not be done ; 
and one proof that the pressure had not the effect some persons 
supposed was that the fluid-pressed steel was never made with 
high carbon. If the pressure did all the good claimed by some of 
its advocates, the pressure would surely be far more useful in fluid 
high-carbon steel than in viscid, comparatively thick, mild steel 
containing a low percentage of carbon; but curiously enough it 
was never used when steel contained a high percentage of carbon. 
He hoped his remarks would not be misunderstood. He was not 
saying that the Whitworth fluid-pressed steel was bad, or indifferent, 
or worse than any other ; on the contrary, he believed there was 
no better steel in the market, either in England or abroad, than 
the Whitworth steel, but the fluid pressure had absolutely nothing 
to do with its quality. 

. Walker. Mr. B. WALKER considered it very creditable to the steel-makers 
of the country that the Author should have to go back eight years 
to find an example of bad steel. He believed if it had been put 
under pressure it would have been bad still. He agreed with 
Mr. Vickers in thinking that the examples given by the Author 
were not such as were found in daily use. Thousands of tons of 
perfectly sound steel were made every year. According to the 
Author seven-tenths of the steel made in the country was such as 
he would not advise to be pressed. Would anybody maintain that 
all the boilers that had been made in the country were unsound ? 
They were no such thing. Sound ingots could be, and were, made 
without any compression. Colonel Dyer, he thought, had proved 
too much. No doubt, leaving cost out of the question, steel 
might be improved by putting it under pressure while in a liquid 
condition; but the head must be cut off, as Mr. Vickers had 
pointed out. With regard to large, say 100-ton, ingots, the maker 
was thankful when they were made, without having the trouble to 
squeeze them in the liquid form by hydraulic pressure. The 
deserved reputation of Whitworth steel depended mainly upon two 
causes ; the best possible material was put into the furnace, the best 
workmen were employed, and the material was carefully forged 
under a hydraulic press. The Author, he thought unwisely, had 
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separated tlie forging and the casting. If Sir Joseph Whitworth Mr. Walker, 
and Co. had never adopted the forging-press, he believed their com- 
pressed or liquid steel would long ago have been forgotten. It was 
the adoption of the forging-press, and the other causes he had men- 
tioned, that had given it such a position. Mr. Vickers, in dealing 
with the cooling of steel, had forgotten to mention one point. The 
process that took place in cooling an ingot was the reverse of what 
took place when milk cooled. When milk cooled the cream came 
to the top ; whereas when an ingot cooled, the worst went to the 
top, and the best to the bottom. Instead of trying to cover it up, 
the best stoel-makors tried to keep it hot so as to make the best of 
it, and to get the bad material into the head. Mr. Ellis, for example, 
lighted a large fire on the top of the ingot, kept it warm, and nursed 
it, so that it evolved the sulphur and other objectionable gases, 
bringing thorn to the top. Steel could not bo fairly worked unless 
treated as a fluid, when it was hot and ready for tho hammer or the 
press. If the ingot was allowed to cool gradually and come to a 
uniform temperature, and then put under the forging press, all 
that was possible was done towards improving its quality. The 
piping shown by Colonel Dyer generally went much lower down ; 
both sides of the piping were of the same heat, and when the 
material was properly heated in a soaking-pit or furnace, the parts 
were closed together, and a much less quantity was wasted than 
would at first sight seem to bo the case. The top was used for 
inferior work. Mr. Vickers stated that ho used it as a balance 
weight ; but that was rather expensive. He thought there must be 
some mistake about tho Author’s statement respecting the 10,000- 
ton press. If he meant 10,000 tons force, separating the toj) and 
bottom cross-heads from each other, it would not work for a week. 

He at first thought that it meant foot-tons — total capacity. In the 
enormous press that he was making for Mr, Krupp there were four 
18-inch pillars, and the highest quality of steel was used; but it 
was only called a 5,000-ton press. The press he had made for Mr. 

Ellis was only called a 4,000-ton press, and it also had 18-inch 
pillars. The Author evidently was willing to trust steel with a much 
higher tensile-strain than he was ; he said that his 8,000-ton press 
had only four columns 12 inches in diameter ; this gave a working 
strain of about 20 tons to the square inch, and ho thought it was 
unreasonable. He only called his hydraulic forging-presses, such as 
he had made and of which he was making a large number for various 
firms, with pillars 10 inches in diameter, 2,000-ton forging presses. 

Mr. J . F. Hall said he was disappointed with the Paper. He had Mr. Hall, 
expected to hear a Paper relating to hydraulic pressure after the 

M 2 
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Mr. Hall, fluidity of steel Kad ceased. It appeared to Mm that a step had 
been taken backwards rather than forwards. He asked permission 
to read a short extract from a Paper which he had read before the 
Institution of Naval Architects in April 1884: — “As for that 
fascinatingly- worded theory, ‘ fluid compressed steel,’ I think I 
am not wrong in saying it is now entirely exploded and j^roved to 
be a delusion. Tliis is how it was once described in regard to crank- 
shafts : ‘ When hydraulic and pneumatic machinery was ])roperly 
adapted, all crank-shafts would in future be made out of molten 
steel under pressure, as by doing so, while it was in a molten or 
plastic state, the interstices between the crystals occupied by 
metallic vapours were filled up, and it became a solid mass.’ If 
this wonderful result took place, what need was there for tlie future 
hammering or squeezing which followed this process? In fact, 
the whole tlieory is an absurdity, and I am given to understand, on 
reliable autliority, that it has some time since ceased to bo practised, 
at least on largo cranks or parts of cranks, at the very place where 
it originated.” ^ Therai)cr was freely discussed in 1884, and since 
that date very little had been said about fluid compressed steel ; a 
groat deal more had been heard of tlio 2 )ressure of steel by hydraulie 
presses after the steel was made, and that ho thought was a more 
fitting subject of discussion than one which had boon almost put on 
one side by the majority of steel-makers, he miglit almost say, 
throughout the world. lie ho 2 )ed the Author would discuss the 
treatment of steel by hydraulic jucssure after it had become solid. 
The w^ay in which lie had worked out the iwscnt communica- 
tion was c(*rtainly very much to his credit, whatever difierences 
of o])inion tlierc' might bo resj)ecting it. If he would only write a 
similar raj)er about tlM‘ further action of hydraulic presses u])on steel 
ingots, ho was sure tlio members would be jdeased to hear him. 

Sir Robert 8ir PoiUTtT It vwlin^on said that tlie workers of (liina-elay who 

RawliuBou. lump of clay, knew that tliey could not 

remove it by pressure ; they therefore did it by frequently slicing 
it through and kneading it, so as to liberate any gas or air that 
miglit be inside. Ilis own idea was that in the case of an ingot of 
steel with air or gas caAutics, hydraulic X)owor might coni 2 )ress 
them into smaller cavities ; and could do no more. 

Mr. Davis. ]\Ir. J. IJ. Davis said the Author ajipeared to think that com- 
pressed steel, as made by Sir Josejih 'Whitworth and Co., eliminated 
entirely any flaws that there might bo in the ingot. He wished 
to mention one instance that had come under his own observation 

' Transactions of llio Institution of Xa^al Architects, vol. xxv. p. 177. 
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where that did not occur ; it was the case of a compressed-steel Mr. Davli^ 
hydraulic cylinder supplied to him by that firm for making 
hydraulic presses. There had been great difficulty in obtaining 
cast-steel cylinders as quickly as they were wanted, and ho induced 
Sir Joseph Whitworth to make a cylinder of his compressed steel 
•on trial. After long delay the cylinder was delivered, and to 
all appearance it was an excellent piece of work. The metal 
seemed without a flaw ; the cylinder was turned and com- 
pleted for its work, with the exception of slotting out the 
heads. Most engineers would know that there were bolt-holes 
with the heads recessed for putting in tlio bolts for fastening the 
gland on the toy) of the cylinder. During that operation ho was 
sent for to see what had o(;eurred. A jucco of metal about 4 inches 
square had dropped oft’ the liead of the cylinder, leaving the 
surfaces as smooth as glass. Of course the cylinder was useless, 
and no more of them were made. The impression on his mind, and 
on the minds of others who saw it, was clearly that there had been 
a gas-bubble or something of that nature in the casting, and that 
the effect of the pressure to which the ingot had been subjected 
was merely to elongate or spread out the gas-bubble over a larger 
surface, and that immediately the edges of tlie metal were touched 
by the slotting tool the ])ieco droi)ped away. Tliat, ho thought, 

•showed conclusively that the system advocated by the Author did 
not eliminate any flaw that miglit be in a stool ingot, lie should 
be glad to hear from the Author in wJiat way the flaws were 
•eUininatod by pressure from fluid-comjuessod steel. 

]Mr. John W. Spenceh said it had been stated by tlie Author that Mr. Spencer, 
absolutely sound cast ingots could not bo made ; but he thought it 
had been j)rovcd that this was not the case. At any rate, ho could 
state from his own ex2)erience that with careful management of 
the furnace, both as regarded the temperature and its chemical 
uctioii and reaction, a thoroughly sound ingot could bo produced 
absolutely free from blow-holes. The 2)resence of occluded gases 
in steel, their nature, and subsequent ex])ulsion, was, 2)erhaps, 
difficult to ex2)lain ; but under any circumstances they could be 
got rid of so as to iirovont blow-holes ])y knowledge and careful 
attention. In his ojunion, the strength of steel, taking tenacity 
and ductility together, was not doijendent, as commonly supi>osed, 
u2)on the work 2)ut upon it. This had been his view for many years, 
and had been amidy proved. lie had arrived at this conclusion from 
a study of the laws of crystallization, and treating steel 2)assing from 
the fluid to the solid state as subject to those laws. The finer the 
state of crystallization, so much greater would be the cohesive action. 
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lO-inch parallel. 

6-inch parallel. 

2i-tDch parallel. 

Hark of tost .... 

0 1,981 

0 1,982 

0 1,983 

0 1,984 

0 1,985 

0 1,986 

Original diameter of\. , 
specimen . . . / 

0-993 

0-990 

0-999 

0-998 

0-997 

0-959 

Fractured diamctorl 
of specimen . ” 

0-88 

0-04 

0-04 

0-04 

0-GC 

0-07 

Original area . . sq. inch 

0-7744 

0-7791 

0*7838 

0-7822 

0-7800 

0-7223 

Elastic limit, tons jicr sq. in. 

13-50 

12-89 

12*53 

13-12 

13-38 

13-90 

Breaking stress „ „ 

24-78 

24-03 

24-89 

25-11 

25-27 

25*34 

Contraction of arca| | 

21-40 

58-72 

59*10 

58*88 

50-17 

51-19 

Ultimate elonga- 
tion per cent, 
in lengths of— - 

2} inches 

17-2 

44-8 

44*0 

42-0 

39-2 

30-8 

f> »» 

17-0 

31-8 

33 0 

30-0 

.. 

.. 

10 „ 

17-1 

20-3 

i 

•• 

•• 

•• 

- 

Appearance of fraclurc — 
Silky . . . percent 


100 

100 

100 

100 

100 

Flaw . . . „ „ 

( 20 
(outside 


! 




Finely granular „ „ 

80 

i 






1. Rebults of material -vNitliout mechanical treatment. 


and the resistance of the material to citlier jmlling or 1 lending 
stress ; and when this state of maximum eohesion of the crystals 
had been arrived at, whether in the initial stage of casting or 
during the manufacture of the material to the finished article, no 
amount of work, either by forging or other mechanical means, 
made it stronger. As illustrating this, he cited figures from the 
above Table, being a series of tests prepared by him for the 
information of Mr. T. \V. Traill, Chief Engineer of the Board of 
Trade Marine Department. A 4j-inch ingot was cast in the 
ordinaiy way, and then cut into three pieces. One piece was 
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lO-inch parallel. 


Q 539 'Q 540 
1-00 ^ 1-00 


0*73 


0-74 


6-inch parallel. 2Hnch parallel. 


Q541 

1-00 

0*72 


Q542'q5«'q544 
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|0 - 7854 0 - 7854 0 - 7854 0 - 7854 0 - 7800 0 - 7806| 

17-62 17-50 17-10 18-18 ^18-41 17-44 

I I I I 

[28-47 28-40 29-10 29-44 [30-35 |29-33 
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36-0 32-0 30-4 37-2 28-8 32-0 
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[29-0 26-0 28-0 

I 
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100 
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100 


100 , 100 
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lO-inch parallel. 5-mch parallel. 2i-int b parallel. 


Q557 
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1*00 I 0*994! 


0*65 


0*65 


Q5G0 

0*994' 
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0-998! 
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Q562 

1*00 

0*66 


11*41 'n*3G 11*50 
25*82 U*G9 j25*60 

5G*2G 17*75 57*37 


41*6 45*2 39*2 


I 

31*6 35*2 
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25*0 28*5 


100 ' 100 
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100 


11*50 11*41 
25*60 26*25 

56*58 l6*26 


|4l*4 '39*6 
133 *0 


11*36 

26*14 

56*44 


38*4 


100 


100 


100 


2. Do forged. 3. Do. forged and annealed. 


treated without any mechanical means being used, the same as with 
intricate steel castings ; the second was forged down to 1 J inch 
square, and the third, being similarly forged, was afterwards 
annealed to enable a fair comparison to bo made with the first, 
which was also annealed. On comparing the results of tests, it 
was found that the forged but unannealed piece was higher in 
tensile strength, but lower in ductility, than the first, but when 
annealed there was practically no difference between the two, or, 
if anything, the unforged steel had the advantage. This showed 
most clearly that the same results could be obtained by, other 
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llr.«^eer. means tlian mechanical, and that the result of forging was to 
increase the tensile-strength at the expense of ductility. For the 
manufacture of plain forms, such as shafting, &c., hammering or 
pressing was the cheapest, and the forging-press was undoubtedly 
the best tool for the reduction of large ingots ; but this did not 
apply to more irregular forms. They could, however, be pro- 
duced as simple castings, possessed of all the qualities required 
of the best steel forgings, without a particle of mechanical 
work having been put upon them, by simply conforming to 
the requirement of the natural law, to secure the smallest 
possible state of crystallization instead of the largest, though, 
* not to bo misunderstood, ho was not referring to close-grained 

steel, as shown in the fracture of hammered or hard steel. 
Forging was perhaps necessary, because cheap, but it was bar- 
barous, nevertheless; and it was as difficult to compute the 
irregular strains sot up in the mass by irregular heating and 
cooling as it was to know the damage done by severing the con- 
tinuity of the crystallization in the mass through rough treatment 
between hammer and anvil. There was no need for this, as the 
oast material could be i^roduced in every way equal to the forging, 
and, in the case of largo masses especially, much better. Tie was 
sorry the results of the tests of the forgings wore not given in the 
Paper, as the comparison between an ingot cast in the ordinary 
way and one manipulated by hydraulic pressure of several tons 
per square inch, otherwise, was not a fair one. In his opinion, the 
latter case was equivalent to forging under favourable conditions. 
If the result of the tests of forgings made from the unpressed 
ingot had been submitted, and those from the pressed ingot, then a 
fair comparison of the value of the two might have been arrived 
at. The rai)er had given him much information on the subject of 
hydraulic forging and the compressing of steel; but it strongly 
confirmed him in the opinion ho had expressed, namely, that all 
the pressure put upon the molten ingot, or by hammer or forging 
press, would not produce a better material than could be had 
without the application of those mechanical means. 

Hr. Heymolds* Edward Reynolds wished to offer a few words from a different 

point of view. He had been afraid that he should be obliged to 
take a different position, because so much had been said in favour 
of the particular process of one particular manufacturer, that the 
constant silence of other persons appeared to amount to a tacit 
assent to pretensions which he hold to be unfounded; but after 
what had taken place in the course of the discussion, and especially 
after what Colonel Dyer had stated, all the pretensions founded 
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on the practice of playing tricks with steel instead of making it Mr, Ksjrnoldk 
properly, must vanish. No one would wish to dispute the claim 
made by Colonel Dyer, that as good steel was made in the works 
to which ho had referred as anywhere else, but not because of any 
peculiar method of manipulation. lie had feared that he should 
be obliged to quote examples showing that in one important 
application at least that manufactory had been peculiarly un- 
fortunate, but that was not now necessary. Ho was about to 
approach the theoretical part of the business, which ho much 
preferred to take up before the Institution. His first knowledge 
of the subject of fluid compression was derived from “ Abridge- 
ments of the Specifications relating to the Manufacture of Iron and 
Steel, 1858.’* Ilis attention had been called by Mr. Vickers, at an 
early stage of their acquaintance, to a patent by James Holling- 
rake. May 15th, 1819. Mr. Keynolds wisliod to refer to it, because 
in the Paper the introduction of fluid compression was claimed for 
the wrong people. This official record was as followed : — 

A.D. 1819, May 15— No. 4371. 

“ Hollingrake, James — ‘CasUng metallic substances into vanous forms and 
shapes with improved closeness and soundness in textuie ’ Tlio metal is east 
in a suitable mould, and great i)res8Uie api>lied by moveable piston or idugs 
toanged in any convenient manner, to insure the molten jiai tides being 
compressed into close contact ” 

That process, ho was informed, had been used for many years. 

When Sir Joseph Whitworth’s patent was taken out, ho was told 
that it had been used regularly for twenty years in the works of 
the Broughton Copper Company, Manchester, and so far as there 
was any merit in the invention, it ought to go to the original Author. 

He should like very shortly to state what he thought was the reason 
of the honey-combing that sometimes occurred, wliich all the 
nostrums that certain peoiilo had brought out were intended to 
obviate. Evidently from the point of view of these would-be 
inventors, it did not matter what they did to steel. They might 
cast it under pressure, or under vacuum, or blow air upon it, or put 
gases into it ; it never seemed to occur to their minds to make it 
properly, and let it alone. There had been a great deal of mis- 
understanding as to the nature of the cavities in the steel, and 
the way in which they were formed. On the occasion of the reading 
of a Paper by Sir Joseph Whitworth, before the Institution of 
Mechanical Engineers in Manchester, in July, 1875, ho tried to 
explain the way in which the cavities did arise, and as what he 
then said was endorsed by the late Sir William Siemens, ho might 
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Itf. Reynolds, be permitted to read an extract from the report. After mentioning 
the stopping that was formerly necessary in the Bessemer process, 
as Mr. Vickers and others had mentioned, he went on to say,^ “ But 
good work might be done, without the use of a press, by ‘ dead 
melting ; ’ and it was desirable to trace the nature and effect of 
this. In melting by the crucible, it was not sufficient to get the 
material well heated and thoroughly fluid ; but after it had arrived 
at that condition it must be left for some time in the furnace to 
‘ kill ’ it. In a lecture upon fuel, delivered by Mr. Siemens at the 
Bradford meeting of the British Association, attention had been 
called to the remarkable discovery that there was a limit to the 
heat at which combustion was possible; and that this limit, at 
which oxygon and hydrogen might be mixed without burning — 
which it had been proposed to call the heat of dissociation — had 
been fixed by Mr. St. Claire Devillo at about 4,500° Fahrenheit. 
The application of the same principle to the combination of oxygen 
with carbon, silicium, &c., appeared to furnish an explanation of 
the nature of ‘dead-melting,* which might assist in the more 
general production of sound ingots. In the ordinary methods of 
steel-making a great heat was obtained, and in the Bessemer 
process the heat was still greater ; so that in either case a near 
approach to the heat of dissociation was soon reached, and chemical 
action was arrested before being completed. But if the metal were 
cast in that state, it would soon cool down to a temperature at 
which chemical action would again come into operation ; and gases 
would be evolved, giving rise to honoy-combing. The remedy 
was to keep it molted for a considerable time, so that the chemical 
action, which was tlien very languid from the near approach to 
the heat of dissociation, might have time to become comjdete. An 
instructive illustration of this luinciplc was afforded in the working 
of the regenerative tank furnaces for steel-making. If these 
furnaces were worked at too low a heat, the charge would become 
softened so rapidly that the metal would set (soft steel having a 
high melting i)oint), and much time and patience and a great heat 
would be necessary to remelt it ; and inasmuch as the intense 
chemical action, due to a low heat, applied to the furnace as well 
as to the cliarge, the slag would run into the sand bed of the 
furnace as into a sponge, and when remelted i>robably a consider- 
able part of the charge would leak out. This made it necessary 
to take from ten to twelve hours for a process “which might other- 
wise be completed in three or four hours, and to use a very high 

Institution of Mechanical Engineers. Proceedings, 1875, p. 300. 
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heat in order to avoid cutting the furnace to pieces.” He thought Mr. Reyaoldt. 

that was the explanation of the action. Any one who had watched 

the ingots in the early stage of the Bessemer process would have 

seen that they appeared to bo quite still for aljout five minutes 

after they were cast ; but that after they became cool to a certain 

point the rising began. It used to bo prevented by covering the 

metal with sand, upon which was placed an iron plate secured by 

a “ cotter.” It was possible to conceive that if such a moderate 

force were sufficient to prevent the rising, a still greater force 

might do it better, and in some cases cause re-absorption of the 

gases, and this appeared to bo the idea of the advocates of fluid 

compression. But the true remedy, as had been suggested, was 

to molt the material properly and let it alone. 

Mr. T. W. Traill observed that ho was not a stool-maker, but Mr. Traill, 
he could speak of the mechanical properties of steel after it had 
been tested, and that was how engineers judged whether stool was 
suitable or not for structures like the shafts of engines. It seemed 
from the Paper to resolve itself into a commercial question whether 
30 per cent, of the ingot was to be thrown away, or whether all the 
ingot should bo utilized. It was clearly stated by the Author that 
the results of the tests of the whole ingot were practically uniform, 
and such as could bo used. It had been admitted by the steel- 
makers who had spoken tliat they could not use a very largo 
portion of the ingot ; but he did not think that many had com- 
mitted themselves as to what proportion of the ingot must be 
thrown away. Ho could only say, without being an advocate for 
one process or the other, that in all the mechanical tests ho had 
seen of fluid-compressed steel, ho had never come across an 
indifferent specimen. The tests of compressed steel which had 
come under his observation had not, however, been so numerous as 
those of uncompressed. 

Mr. Alexander McHonnell could not say that ho had had much Mr. McDonnelL 
experience in the casting of steel ; but he knew a good deal about 
forging it, and there were one or two joints that ho desired to 
mention. In such a case as tliat mentioned by (Lionel Hyer, whore 
the sides of the ingot were bent downwards so as to enclose the 
cavity in the inside, he should say that the whole of that metal so 
bent down was entirely worthless, independently of its being 
honey-combed. After the metal had begun to crystallize, if work 
were put upon it, either by a hammer or by a hydraulic press, it 
would certainly be seriously^ damaged, and ho thought the same 
effect would follow if the pressure upon the top of the ingot were 
such that, after the sides of the ingot had commenced to set, it was 
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te.MoDoimelL gufficient to cmsli them, and force the gas through. That, he 
thought, might he expected, if it was considered what took place 
on crystallization. After any metal wliich had begun to crys- 
tallize was crushed, its continuity was destroyed. lie did not 
think high temperature alone did any harm to steel ; but if steel 
wore forged at a high temperature a great deal of harm was done. 
It was not the high temperature that did the steel harm, but the 
forging at the high temperature ; because while the particles of 
metal were beginning to set and crystallize, their continuity was 
broken. If strength was wanted, at all events in steel, the metal 
should be crystallized with rai)idity, so that the crystals sliould be 
very small. If crystallization took place very slowly, the crystals 
were large. With any ordinary solution, say the solution of alum, 
or anything that crystallized easily, the crystals were small if 
crystallized rapidly, but if it were crystallized by slow evaporation, 
they were large. If, while the crystals were forming, they were 
disturbed and broken ui>, a loose material would bo the result. 
That was shown in the setting of mortar. If while mortar was 
setting it was broken, it would not sot again. Steel was not like 
wrong ht-iron. At a welding heat it was in a state of crystallizing, 
and if any kind of work was brought upon steel near tliat tem- 
perature, damage would be done; and if pressure were brought 
upon steel just at the moment it was setting it would be damaged, 
lie was not at all prepared to say that, if pressure could bo brought 
to boar upon the fluid part of it, some good might not be cifectod. 
He tliought that was an open question; but if the i)ressure 
was brought upon steel during the time of its setting it would 
certainly be damaged. Keferenco had been made to the use of 
the word “ tempering.*’ He quite admitted that the word had 
often been used in the way to which exception had been taken, 
but all engineers who wore accustomed to treat steel understood 
perfectly well what “ tempering ” was. A piece of spring steel, 
heated to a fairly high temperature, and dip])ed in water, became 
as brittle as glass ; but if it were heated to a low red heat, and left 
to cool slowly, its high hardness would be lowered, and that was 
what engineers were accustomed to call “ tcmj)ering.” 

Mr. CJowpcr. Mr. E. A. Cowper observed that the Author had obtained great 
experience in the only two works in which the compression of 
fluid bt eel was carried out on a large scale ; and he had shown great 
liberality in giving so much information — a liberality deserving of 
imitation. Ho had hoped to hoar from steel-makers a statement 
of the cause of bubbles being formed in ingots, and a frank ex- 
planation of how they could be prevented ; but he had listened 
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in vain for snch information, thongli it had been asserted in more Mr. Cowper. 
than one quarter that they could be avoided. That was hardly 
conclusive or satisfactory. However, it was so much the more 
the duty of every one having opportunities of observing the changes 
that metal underwent by treatment to do what ho could to solve 
important facts that bore upon any unsolved question. ITo well 
remembered, in 1868, with Sir William Siemens, watching a 
puddling furnace in which gas was used, and they saw the little 
jets of carbonic oxide gas jumx)ing iqi through the liquid metal 
all over the surface, in jets perhaps 1 inch to 2 inches high, and 
only a few inches apart. They saw no flame at first, as the 
atmosphere of the furnace was neutral, but he proposed to oj)on the 
door wider, and let in a quantity of atmosx)heric air, and then 
they saw the flames burning perfectly. That ho considered a very 
pretty illustration of what was now well known, namely, tliat the 
oxygen from the oxide of iron “ fettling ” of the furnace united 
with the carbon in the “ jdg metal,*’ and this formed carbonic 
oxide gas, which escaped from tlie liquid metal until the iron 
**came to nature,” or was convetted into wrought-iron, when it 
was time to “ball it ux),” To a]»i»ly that fact to the case of stool, 
if it were not that the analysis of ilie gas, contained in the bubbles 
in steel, had been proved by some authorities to bo chiefly hydrogen, 
he should certainly have thought, that the same thing took jdaco 
in the ingot when it had come down to the puddling temx)eratnro, 
which was much lower than melted steel. But as tlie gas in 
bubbles was chiefly hj^drogen, he thought the Autlior of the Bai'tcr 
must be correct in his supx) 08 ition (jq). 85 and 80), that the gas was 
occluded as long as the ingot was quite liquid, and separated on 
or about the time of its solidifying ; otherwise the common rise 
of the metal in the ingot mould some time after casting, could not 
be accounted for, nor the cxx)losions nor sudden liberations of gas, 
when cooling in the Whitworth X)rcss, in which no doubt the cooling 
was ]uor6 uniform owing to the jieculiar lining of the ingot mould. 

With regard to the question of hydrogen in the bubldes, it had 
puzzled many persons, but if steel could occlude hydrogen, ho 
thought the source of it was evident. Common atmos 2 )heric air 
contained moisture at all times, sometimes in greater quantity, 
sometimes in less ; but water was invariably present in the con- 
dition of vapour or steam ; then, in the Bessemer process, thousands 
of cubic feet of air were forced through a charge, and with it a 
considerable quantity of water, which was of course at once de- 
composed, thereby j)roducing carbonic oxide and hydrogen, so that 
the whole of the charge had great opportunities of taking up or 
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Hr* Oowper. occluding hydrogen ; and hence the hydrogen in the bubbles. It 
would be highly interesting to observe if there were more bubbles 
when the air was damp, than when it was comparatively dry. (He 
might mention, that cold-blast furnaces worked much better in 
cold dry weather than in damp weather.) Now the compressing 
of everything that was compressible in the ingot-mould, must be 
productive of good ; because, if the gas was there, the bubbles 
would bo made much smaller, namely, to 7 ^ the size, or I the 
diameter, by 5 tons per square inch l)eing brought to bear on 
them, so that the gaps and holes in the cold ingot would be of 
much loss size than if it had undergone no pressure. More- 
over, the gas might be taken up or occluded by the metal under 
such groat pressure, like carbonic acid gas dissolved in soda- 
water. Ho did not for a moment believe that bubbles were passed 
out through the sides of the ingot, as they were pressed equally 
on all sides. He believed that if the pressure was put on quickly 
enough the top outside edges of the ingot would not turn down 
inside on cooling. It seemed reasonable to suppose that the forcible 
pressing down all the top metal upon the metal below, was even 
a better j)lan than that commonly practised in making large iron 
castings where a light wrought-iron rod was kept moving or 
pumping up and down in a “gif’ or “runner” to feed liquid 
cast-iron into the mould as the metal shrank in cooling. In 
forging a i)icco of steel himself, he had olten noticed the peculiar 
smell that came from the steel, but whether this was gas he could 
not say. That stool should be “ run dead ” or “ left to kill ” there 
was no doubt ; and he knew that in an open hearth it could be 
manipulated, and even tested to some extent, to see if it was in a 
right condition, and quite quiet or “ dead.” This could be done 
better than in a vessel in which the carbon was furiously burnt 
out by a blast, where a little over-blowing "sveuld produce a quantity 
of burnt iron (oxide of iron) which would combine with the carbon 
of the spiegel when it was put in, and produce frothing or bubbling. 
The fact that it was not commonly necessary to press steel, con- 
taining much carbon, again pointed to the fact that any oxide of 
iron that might have been present at any time had all been 
absorbed by the carbon and given off as gas. Even in making 
iron castings, it was advisable to lot the metal become quiet in 
the ladle, and not to pour it too soon after it was out of the 
cupola. To conclude, he thought the evidence was conclusive 
that Whitworth steel castings were very good, and that the 
Author had proved his case, as shown by the statements of his 
opponents. 
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Mr. W. SowERBY said that the subject of the manufacture of Mr. Sowby. 
steel had been before the Institution on several recent occasions. 

He had taken intense interest in the discussions, for although ho 
.was not practically engaged in the manufacture of steel he had 
fc/tudied the subject for many years. Steel was a superior kind of 
iron, which had undergone a very complicated process in its con- 
version. Mr. Vickers had referred to the piping at the top, and 
Colonel Dyer had also referred to the same subject, pointing 
out that when the column or ingot was compressed, the gases or 
globules were collected in a cavity at the upper part of the casting, 
involving a loss or wastage of about 30 per cent., or one-third of 
the metal on both plans. Allusion had also been made to tempering 
and hardening. Steel might ho hardened without being tempered, 
but it could not be tempered without being first hardened ; and 
tempering in oil, which was a method of great antiquity, l)ot]i 
hardened and tempered the steel at the same time. It was the 
amount of labotir put upon every class of steel, the Persian or 
the Toledo blade for example, that very largely gave it its quality. 

In those cases, there was a superior kind of iron to work upon, but 
the labour bestowed upon it added greatly to its excellence. No 
doubt, the better the ironstone the easier it was to produce excellent 
steel, but it was not certain that excellent steel could not bo 
produced from inferior ironstone. When the Cleveland ironstone 
was discovered in 1845, samples of it were sent to exports in 
London, by whom it was pronounced of no value for smelting. 
‘Meanwhile, Messrs. Bolckow and Vaughan were making pig 
metal out of it, and now 10,000,000 tons were annually smelted, 
and a considerable quantity was being converted into steel. As to 
the question of compression, the Author had stated that that 
process decidedly improved steel. Colonel Dyer maintained that 
oi)en-hoarth casting was as good. Who should decide between the 
two? A 10,000-ton press was an enormous machine to comiuess 
steel. If the metal was liquid like water it would be impossible 
to compress it. It was not, however, in a fluid state, but in a state 
of crystallization, the crystals being finely divided into many 
millions of parts. It was certain that when heavy pressure 
was put on the top of a column or ingot of molten metal, whether 
of steel or any other metal, and there were cavities or globules in 
the interior of the mass, these globules would find vent at the 
nearest points to the outside of the ingot, namely, the sides, and 
would not make their way to the top ; hence Colonel Dyer’s theory 
would l>e at fault. But as the globules wore pressed out towards 
the sides, the passages or channels through which they would 
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Mr. fiowerljy. escape would become defects in the metal. Though the width or 
thickness and breadth of these channels might be only -n^Vrnr bach, 
they would be defects, and the greater the number of globules the 
greater the number of such defects ; which would always remain, 
no matter what amount of pressure was brought to bear upon the 
metal. Sir Kobert Eawlinson had referred to the difficulty of getting 
rid of air cavities out of China-clay when undergoing the process 
of moulding ; but he seemed to be unaware of the simple method 
adopted for doing this, namely, having perforated moulds, lined 
with thick felt, which allowed the air and moisture to escape when 
pressure was applied, and prevented the clay from being forced out 
of the mould. The same system had been adopted for making 
artificial stone blocks out of granite chips; but Mr. Brunton 
had a chemical process similar to Pourcel’s method of improving 
steel. 

Mr. Head. Mr. JoHN Head agreed with Mr. Cowper that instead of endear 
vouring to drive gases from molten steel, the gases which forme/ 
the bubbles should not bo imparted to the steel in its manufa( 
ture. The presence of gases in steel, according to his cxperiencil 
was due to the gases in combustion being mixed with the metal ii 
fusion ; and this mixing could be avoided in open-hearth furnace 
by adopting heating by radiation; this subject had been s 
thoroughly explained by Mr. Fredeiick Siemens, that it was un^ 
necessary to deal with it in detail on the present occasion ; and h« 
would only add that in the case of glass, when melted by radiation^ 
the disappearance of blow-holes was complete. On a previous occa 
sion he had produced before the Institution bottles made in furnace, 
heated by contact, and in furnaces heated by radiation, in which this 
fact was made evident. He did not think it possible to expel gases 
from steel partly solidified, by subjecting it to compression in 
powerful hydraulic presses ; but he considered that forging ingots' 
with such presses was preferable to the usual method of hammer f 
ing, owing to .the action of the presses being more gradual ^ 
hammering, as usually practised, tended to damage the metal, eacl 
stroke making a deep indentation on the surface, which destroyed 
its continuity ; but the damage would be less if the ])lows were 
not so heavy, the ingots being cogged down more gradually. Ii 
speaking of the treatment of steel, ho would lay stress upon the 
word “ gradually,” whether hammering or rolling was applied to 
the metal ; and in the latter case, as it was passed from groove to 
groove, too great a bite should be avoided. The new process of 
rolling invented by Mr. Mannesmann fell in with these require- 
ments as to compression, and, moreover, by it the metal was 
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subjected to a considerable but gradual torsion. The amount of Mr. Head, 
compression and torsion to which metal was subjected in the 
Mannesmann mill increased from the time an ingot entered the 
mill until it left it; one j^art of the ingot rolled was subjected 
to a certain amount of torsion and another ])art to a greater amount 
of torsion at one and the same time, so that between those two 
points there was a gradual increased torsion, producing the soundest 
steel that had ever l)oen made. The Mannesmann mill had already 
been briefly described in a Paper read before the British Associa- 
tion, by Mr. Frederick Siemens, and it would soon be at work in 
this counties when further information regarding it would bo 
available. 

Mr. Joiuj Goodman noticed that some remarks had been made in Mr. Goodman, 
the Paper with reference to the strength of Whitworth steel ingots, 
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Both sj[jecimens showed a fine silky fracture. 

but not to the same material after it had been rolled and forged. 
He had made some tests on this jioint, the results of which were 
shown in Fig. 14. The curves represented the stress-strain 
[the INST. C.E. VOL. XCl'III.] N 
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^ Cbodmaii* diagrams of a piece of Wliitwortli steel, whicli was exactly 1 square 
inch in area, and turned down from a IJ-inch bar received direct 
from Sir Joseph Whitworth and Co. When tested cold it gave a 
stress of 34*03 tons per square inch. When tested hot it gave a 
very remarkable diagram, but one that he had frequently found 
when steel was so tested. Instead of the steel-yard of the testing- 
machine floating easily as with an ordinary cold test, it went up 
and down in a most irregular fashion. Although the test was 
carried out slowly, and the pressure was applied perfectly regularly 
by means of the Hydraulic Company’s mains, it was impossible to 
keep the steel-yard floating. The specimen was enclosed in a 
sheet-iron casing covered on the outside with asbestos. The 
heated gases from a gas-furnace passed through the casing and 
thus formed an air-bath. It was heated up to 400° Fahrenheit. 
The autographic diagram was taken in the same way as was 
usually done, with cold tests; it then gave a tensile-stress of 
31*83 tons per square inch. The elastic limit was also lower. 
Both the elastic limit and the ultimate strength were about 6^ 
per cent, lower when the metal was hot than when it was cold. 
Amongst many other pieces of steel tested in the same way one 
especially gave interesting results. The diagram was even more 
serrated and irregular than the piece of Whitworth steel, and, 
curiously enough, it had a higher tensile-strength when hot than 
when cold. It gave 49 * 35 tons when heated to 400° Fahrenheit, 
and 44*69 tons when tested cold. Another piece of steel was tested, 
much milder than either of the others, and gave similar results ; it 
had been found that the smaller the quantity of carbon in the 
steel, the more regular the diagram became. At first lie feared 
that the apparatus used for testing at high temperatures interfered 
with the wire from which the stress-strain diagram was obtained > 
but further experiments with some rolled bronze showed that 
regular curves were always obtained with that material. The 
greatest care was taken, and ho believed that the curves were 
perfectly correct. They might possibly throw some light on the 
peculiar point brought forward by Mr. Stromeyer on a former 
occasion before the Institution, when he showed that steel 
when worked at a blue heat was much more liable to damage 
than steel at either a high temperature or a low temperature. It 
was generally centered impossible for air to be pressed through 
the outer surface of\he ingot while in the press. He did not think 
that was at all impobiible. He might be permitted to refer to an 
experiment which he nJade a few years ago. A red-hot boiler-plate, 
about 6 feet by 4 feet, aw ^ inch thick was taken, and paraffin oil 



Proceedings,] OF STEEL BY HYDRAULIC PRESSURE. 


179 


or benzoline was poured on the top. The oil ran through the Mr. Goodnum. 

plate while red-hot, and burned on the under side of it. Great 

precautions were taken to prevent the paraffin spreading over 

the sides ; the oil ran clean through the plate. If oil, which was a 

comparatively viscous material, would get through red-hot iron, 

why should not air get through it? The oil was not subjected 

to pressure, hence when there was a pressure of 6 tons per square 

inch on steel, why could not gas, which was much less viscous, bo 

pressed through the sides of the ingot? Those who had witnessed the 

process of fluid compression of steel were, unfortunately, very few 

in number, because Sir Joseph Whitworth carefully kept the process 

secret for some years. Mr. Goodman had had the pleasure of 

seeing it on several occasions, and he had noticed repeatedly how 

the gas came out at a very high pressure, issuing in long streams 

of flame with a hissing noise similar to the lucigen light. That 

would have been impossible unless the pressure at the top of the 

ingot had forced it out. It was a familiar phenomenon to see water 

pressed through hydraulic cylinders. When cast-stool, cast-iron, 

gun-metal, or practically any metal was used for hydraulic cylinders, 

on even only 1 ton per square inch being reached, dew formed on 

the surface, and it was only prevented by hauimering the outside, 

or allowing the metal to rust. If water at a low pressure came ^ 

through in that way, as in the case of oil, why should not hot 

gases be pressed through ? 

Professor W. C. Unwin asked the Author to explain what he Professor 
meant by saying that the elastic limit under certain conditions hnwin. 
was so-and-so. He had given Tables containing the elastic limits 
of pressed and of unpressed steel; but Professor Unwin ventured 
to say that there was not a word in the Paper to show what that 
elastic limit meant. lie might venture to guess that it meant 
that, at the stresses named, there occurred the very largo permanent 
set which occurred in most rolled materials at some stage. There 
was this to be said about that so-called limit — that, so far as he 
could see, it very much depended on the time and otlior conditions 
of testing. At any rate it would bo a great advantage to know 
how the test was made if it was given as an indication of quality. 

He thouglit it highly desirable to do in this country what had 
already been done in Germany, where conference after conference 
had been held of the most able engineers and experimentalists, 
with a view of determining exactly under what conditions obser- 
vations should be registered. In this country they were registered 
with all sorts of instruments, and with very varying degrees of 
accuracy, and he was not sure that engineers were not being misled 

N 2 
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ftcofertor by tbe way in which the tests were being made. That was a point 
*‘’^*®* coming almost daily before him, and a point in which he thought 
English engineers were rather following behind. They wanted to 
know a little more what they were doing. The diagram exhibited 
by Mr. Goodman (Fig. 14), was quite new to him. The auto- 
graphic diagram of steel tested hot was certainly very remarkable 
— so remarkable that at first he very much hesitated to believe 
that a diagram of that kind really indicated properties character- 
istic of the material. Mr. Goodman, however, was a very careful 
experimenter, and he had no doubt that the test was made as 
carefully as possible. Still, he should like to know a little more 
of the details before accepting a diagram of that kind as character- 
istic of the material. He knew of no reason why a stress diagram 
from hot iron should always be serrated and one from cold iron 
always smooth, except possibly this : He had tried during the past 
year to make a hot test in the same way as Mr. Goodman seemed 
to have proceeded. He was asked to make some tests of material 
when hot and when cold, and it had occurred to him that, after all, 
the air-bath was the best way of doing so. Twenty-five years ago 
he experimented with hot oil, but there was so much trouble 
with it that he was glad not to have the oil to use, and ho tried 
an air-bath. He found it impossible with any air-bath round the 
bar to keep a uniform temperature, or to know exactly what the 
temperature was inside the air-bath ; and he had come to the con- 
clusion that tlie air-bath, after all, could not be trusted. He tiied 
a double and triple air-bath, but still could not get a steady uniioim 
temperature. The specific heat of the air was low, and changes 
of temperature occurred too quickly to be indicated by any 
thermometer. He ventured to throw out the suggestion that the 
changes of temperature might account for considerable serrations 
in tlie diagram. There might also be other reasons which ho did 
not know. Ho had been lately testing some materials with hot oil, 
and he certainly did not recognize any results similar to those 
obtained by Mr. Goodman. 

Mr. Goodman, Mr. John Goodman said he had found the same difficulty, as that 
to which Professor Unwin had referred, in keeping the temperature 
of the air-bath constant ; but, by means of a small fan revolving 
at a high speed, he had completely overcome the difficulty. He 
should be very glad if any members of the Institution would inspect 
the apparatus, and, if there were any errors in it, he would do his 
best to correct them. 

Mt» Aadewn. Mr. W. Andleson, of Erith, said that he was probably the only 
person in the room, besides the Author of the Paper, who had seen 
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the Abouchoff fluid-compressed steel plant in operation frequently, Mr. Aadeimv^ 
and he was glad to confirm the correctness of the Author’s descrip- 
tion and of his conclusions in every way. It was with the utmost 
diffidence that he ventured to criticize the observations made by 
Colonel Dyer with respect to the process of cooling melted steel in 
the mould. He explained how the metal solidified all round the 
surfaces of the ingot, and then asked if it were possible that 
pressure could have any effect, or that occluded gases could escape 
through the solid metal. Surely Colonel Dyer did not wish it to 
be believed that the metal sot dead cold and hard round the surface 
of the mould ! Though solid, the metal was still at a very high 
temperature, and plastic in the extreme ; witness the manner in 
which it yielded subsequently, at a much lower temperature, to 
the forging press ; and therefore in the mould it would, and did, 
succumb to the pressure brought upon it. Again, Colonel Dyer 
seemed to be unaware of the well-known fact, established by the 
researches of Graham, Professor Eoberts- Austen, and others, that 
gases passed through highly heated solid metals with ease ; and 
not gases only, but liquids and solids also. Mercury, for instance, 
passed, at ordinary temperatures, rapidly through tin, and carbon, 
which had never yet been fused in the manufacture of steel by the 
process of cementation, penetrated through and through thick iron 
bars when at a comparatively moderate temperature, and Mr. 

Goodman had just stated how readily petroleum passed through red- 
hot boiler-plate. There was nothing surprising, therefore, that 
gases occluded in ingots should make their escape easily through the 
solidified walls, especially as the rate of transfusion increased witli 
the increase of temperature and luessuie. The formation of a 
cavity in the extreme top of the compressed ingot, as described by 
Colonel Dyer, might possibly occur when the pressure was 
inadequate; but the Author had boon careful to state that to 
attain success the pressure must be effective. He was certain, at 
any rate, that the cavities spoken of did not arise at the Abouchoft* 

Works, or, if they did occasionally occur, they were so near the 
surface that they disappeared in the inch or two which had some- 
times to bo removed from the top end of the ingot. After all, why 
was the bottom end of an ingot, or for the matter of that, any cast- 
ing, sounder than the top? and why were huge heads cast on 
when special soundness was aimed at ? It seemed to him that the 
practice had arisen from a knowledge, derived from experience, that 
the pressure due to the head made sound work throughout the 
mass. He believed, however, that pressure applied to the still 
fluid steel had the effect of preventing the evolution of the 
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^ ooolnded gases ; for it was known that the quantity of gas which 

could be occluded in a liquid depended on the pressure, as was so 
well illustrated in the case of common soda-water alluded to by 
Mr. Cowper. All knew that, so long as the pressure was main- 
tained, no gas bubbles could be detected; but the moment the 
pressure was relieved, the liquid became full of gas cavities, which 
a reapplication of the pressure was competent to obliterate. Mr. 
Walker, with whose arithmetical difficulties he had much sympathy, 
considered that if forging by hydraulic pressure had not been 
introduced, nothing more would have been heard about fluid com- 
pression, because, as Mr. Anderson presumed, the universally 
acknowledged success of forging by hydraulic pressure had given, 
in Mr. Walker’s opinion, a spurious support to casting under fluid 
pressure ; but the Abouchoff Works had, as yet, no forging-press, 
and could not have been misled by it. His own experience 
of forged steel, made by the most eminent makers, did not 
coincide with that of Mr. Walker, who, however, seemed to have 
spoken of small ingots only. Serious defects, which were the 
initial defects of the ingot drawn out and almost obliterated, but 
which still were solutions of continuity, frequently occurred ; and, 
in long pieces of steel, it was possible to tell which had been the 
top end of the ingot by the prevalence of drawn-out air-bubbles 
there. But Admiral Ivolokoltzoff was no believer in squeezing 
defects out of sight ; he aimed at absolute soundness ; and 
although it might be possible, as Mr. Spencer had stated — and 
certainly no one had a better right to make such an assertion — 
that sound ingots might be produced by extreme care, experience, 
and he might almost say, by intuitive genius at each stage of the 
process, the steel-makers of England, judging from his experience 
of their products, did not possess these qualifications. The Admiral 
had not found his own people superior in that respect ; hence he 
had, at great cost, and in the face of persistent opposition, adopted 
a process which made the production of sound ingots of great size 
a certainty. It had been admitted by Mr. Vickers that a large 
portion of an ordinary ingot must be cut off, as much as a quarter 
of its length, he believed, if the rest was to be perfectly 
sound ; but was it realized what an increase of plant was involved, 
if, to obtain a sound 40-ton ingot, a mass of 53 tons weight must 
be cast ? He did not think the Author claimed that fluid com- 
pression had any effect on the quality of the steel itself, except 
in so far as that, by preventing the formation of mechanical imper- 
fections, it enabled the metal to stand with certainty the stresses 
which its chemical composition should enable it to bear ; and he 
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could say, from his own personal knowledge, that since the adoption Mr. Andwioiu 
of the system at the Abouchoff Works a very few inches, if any, 
had now to be cut off the end of the ingots, and that a cracked or 
burst ingot, once so common, was now unknown. He had no 
doubt it would be retorted that the Eussians had defective ingots 
because they made inferior steel, and did not know how to 
manipulate it ; but to such objections he would reply that experi- 
ence had shown that Kussian steel, like Eussian iron, was inferior 
to none — witness the four 1 6-inch columns which had successfully 
carried a working load of 10,000 tons, and that the Abouchoff 
Works had had a far wider experience of producing large steel 
ingots than any English firm. General Campbell, when Director 
of Artillery, had told him that iron was being used in the con- 
struction of English guns because no steel-maker in England could 
produce large steel forgings, a statement he demurred to altogether 
at the time, for ho believed that had they been asked for they 
would have been produced; but eighteen years ago ingots of 
crucible steel of 40 tons weight were being cast at the Abouchoff 
Works (and those who had seen the operation were not likely to 
forget the sight), and being forged under a 50-ton hammer into 
guns of unrivalled excellence. After ten years’ experience, and with- 
out a forging-press to mislead it, the Eussian Admiralty, under the 
advice of the distinguished officer who had managed the Abouchoff 
Works for a quarter of a century, was now expending a very large 
sum of money in lengthening the fluid press, so as to take in 60-ton 
ingots; the authorities wore building two 30-ton open-hearth 
furnaces, arranged to melt up the large accumulation of damaged 
ingots produced under the old system, and were laying down a power- 
ful forging press, which would supply the moans of producing steel 
such as only the Whitworth Company could now produce ; and he 
ventured to prophecy, in the face of the somewhat contemptuous 
adverse criticism which the Paper had evolved, that, before many 
years were over, Manchester and St. Petersburg would no longer 
bo the only places in the world where large masses of steel were 
prepared and worked by what, he was convinced, was the only 
rational and certain process. 

Lord Armstrong said ho had attended for the purpose of learning Lor<l 
rather than of instructing, and he was hardly prepared to enter upon 
the subject in such a way as to give any useful information. One 
point had arrested his attention, an observation that had fallen 
from Mr. Spencer as to the equivalence of fluid pressure with 
forging. He could not admit that there was any analogy between 
the two cases. Forging was obviously a process by which work 
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X* 0 fdi was put upon a material. That work consisted in the movement 
particles, which seemed to have the effect of altering the crystal- 
lization ; whereas the other was simply a case of statical pressure, 
which produced no motion of that kind. The forging might be 
called a kneading process ; the other was simply a statical process, 
producing no work upon the casting, inasmuch as the density of 
the material was not altered, and no movement was communicated 
to the particles. It might be considered that there were three cases 
of defects affecting ingots as tliey were cast. One was the forma- 
tion of air-bubbles, another was the collection of impurities at the 
upper end of the ingot, and the third was the formation of surface- 
cracks. As far as air-bubbles were concerned, it would be admitted 
that the dimensions of those bubbles must be enormously reduced 
by the process of fluid comiiression, and to that extent it was clear 
that the application of fluid i)res8uro must be highly beneficial. 
But then it had been asserted that it was quite unnecessary to have 
air-bubbles formed at all. Whether that was correct or not he 
would not venture to say, but if air-bubldes were not formed at all, 
fluid comjiression did not ap]>ear to have any application in this 
connection. With regard to the next i)oint, it would generally be 
admitted tliat not only did the air-bubbles tend to rise to the top 
and accumulate there, but the impurities of the material also rose 
to the to]), and if that were true, and it did not aj)pear to be 
disputed, it was quite true that tlie quality of the impure material 
which rose to the top could not i)ossib]y be altered by fluid 
compression. Therefore, under any circumstances, it appeared to 
him necessary that for special puri)oses the top of the ingot must 
be cut ofi'. No doubt a frothy matt<‘r which rose to the toj) might 
be consolidated, and perhaps reiuler(‘tl more useful, but unless the 
impurities that also went to the top could bo removed it was 
evident that a certain portion of the ingot ought to bo sacrificed. 
As to the cracks, which were undoubtedly very troublesome, he 
thought the only cause that could be assigned for their formation 
■was the inequality of cooling — tliat the external jmrt of the ingot 
cooled move rapidly than the interior, and was therefore pulled 
asunder, and a number of small cracks w(‘re formed. I'nless there 
was some peculiarity in the mould in the ju-ocess of fluid compres- 
sion, there was no reason why the same cracks should not be formed 
under both processes ; at least he could not understand any dif- 
ference. Ho should be ghnl to be informed as to any reason why 
there should bo less equal cooling under a jirocess of fluid com- 
pression than under the ordinary process. On the whole, although 
ho did not dispute that there was a eonsidorablo advantage in 



FMeedinga] OF STEEL BY HYBKAXTLIO PRESSOEE. 185 

fluid compression, as far as the prevention of air-bul>bles was lord 
concerned, be did not see that in other respects the advantages 
claimed for it had Ix^en fully established. lie did not, however, 
pretend to have the same experience as others, and ho therefore 
advanced his ideas without any very great confidence in them. 

Mr. W. H. Greenwood, in reply, observed that the ingots prepared Mr.Greeawood. 
at the Aboucholf Works, and referred to in the discussion, were 
represented by photographs on the table, and Fig. 1, p. 87, and 
they did not vary materially from Fig. 13, p. 154, presented by 
Mr. Vickers. Tliose ingots were not unfair representatives of a 
very large number that had come under his personal observation 
in this country during the past year. They might bo taken to 
1)0 a fair average sample : they differed so little from Mr. Vickers* 
examples that ho was willing to accept Figs. 12 and 13 for tlio 
])urposes of the discussion, since he could not recognise Mr. Vickers* 
distinction between the sound portions of an ingot and the unsound 
jiortion or head which he cut off and rejected ; for in tlio pressed 
ingot the whole of the metal (ingot and head) introduced into the 
mould constituted the ingot, and could bo used for the puri)oso of 
the forging without any rejection. He was in no way a represen- 
tative of the WJiitw'orth (V)m]>any. He had no authority to speak 
on its behalf, and no wish to do so. Ho liad no intorost or respon- 
silulitics, commercial or otlierwise, in the Whitworth patent or in 
the firm, or any other firms, wliich would lead him to sjieak in that 
character. His only desire liad l)oen to present such information 
and such data as would enaldo the members to arrive at a satis- 
factory conclusion u])on the disputed, and, jicssibly, yet very 
debatealde (piestioii of tlio value of the fluid compression of stool. 

The Paper itself liad receive<l, as was to bo expected, shari) criticism, 
but he was by no means in the position which Mr. Hall hud 
attributed to him, that of having a desire to retire from his jiosition. 

Nearly every steel-maker who had had any exporionce with largo 
ingots had admitted that there was a top end of the ingot wliioh 
was not sound; and the photograph No. 2 on the table, therefore, 
stood unim])eached as representing an absolutely sound cast ingot 
of mild steel, such as was not produced by any otliiT process. No 
speaker, with the exception of Mr. Walker, who had of course cast a 
groat many ingots, had said that he^did, could, or would undertake 
to produce a similar ingot by any method yet introduced other 
than the “barbarous** method of fluid compression. Then as to 
forgings, marvellous as the statement had appeared to Mr. Ellis, 
no one had ventured to say that he would attempt to produce 
two such forgings as he had referred to, that would pass the 
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tests imposed by Btissian inspection upon such forgings from 
an impressed ingot of the dimensions quoted. Nor were they 
picked samples. The trunnions were not mere odd ones; they 
had been manufactured by hundreds at the Abouchoff Works. 
They were made constantly and regularly, and a faulty trunnion 
would lead to an extensive enquiry. Mr. Ellis had referred to 
the fact that as yet the compression process was in the hands of 
two firms only, who could not, therefore, be presumed to be pos- 
sessed of the whole steel-making wisdom of the world. Such was 
the fact, but it would not be so long. It was equally the fact, 
however, that forging-presses were at work at one of the places he 
had referred to upwards of twenty years ago, and they were as 
much in advance of the hammers at that time as the present 
forging-presses wore in advance of the hammers of the present 
day. Did it follow, because that firm maintained a monopoly, that 
it was wrong tliroughout those twenty years, but that now, when 
all firms were putting down largo presses, that it suddenly became 
right ? lie had referred to various steel-makers who had opened 
up negotiations for the supply of pressing plant, and Mr. Ellis had 
stated that he himself applied to Sir Joseph Whitworth for licenses, 
or for some arrangement, but that Sir Joseph had declined all 
overtures of that character. The method was at present in the 
possession of two firms only, but it was an open secret, which he 
had expected to come out in the course of the discussion, that before 
the present year expired the world would know of the existence of 
another largo plant for fluid compression in one of the largest exist- 
ing works. ISome doubt had been thrown upon the statement (which 
Mr. Anderson, however, had confirmed) that unclean forgings were 
evory-day productions. If they wore not, ho would only ask why 
lathes were daily constructed of enormous capacity, taking off 
liuudred weights and tons of motal from heavy forgings before they 
presented clean surfaces? That could not be considered as belong- 
ing to the exigencies of modern forging ; it was due to faults in 
the surface itself. He had been mot wdth the objection that in 
an ingot cast in the ordinary w’ay a largo amount of impurity was 
sejiaratod by the liquation of the impurities towards the centre 
and top of the ingots. He had never questioned the operation of 
liquation or the separation of imjmrities. That quality was known 
to those w'ho worked with steel compressed ingots before steel- 
makers in England had generally recognized the fact. If it was 
an advantage, ho supposed, however, that the ingot, which he had 
cast without pressure, and reprosented by Fig. 1, was subject to 
liquation, as in the case of any others. Yet comparisons were made 
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from the lower or improved portions of such ingot with the Mr.afwwo «44 
whole length and volume of the pressed ingot ; and, giving them 
all the advantages of liquation, by rejecting one-third from tho 
top of each ingot, yet the comparison was highly favourable to 
the pressed ingot. It would be seen by the Tables, comparing 
the lK)ttom of the unpressed with the bottom of the pressed ingot, 
or Series T of the tests from the former with Series I of the latter, 
and so on, comparing the ingots always at the same horizontal 
sections (Api)endix V), that in the pressed and impressed ingots, 
the strength l>eing the same, the moan ductility at the bottom of 
the unpressed one was represented by 14*83 per cent., and tho 
pressed one by 17*29 per cent. In the case of the next section 
above, that was. Series II of tho tests from both ingots, tho ductility 
was 10*93 per cent, in tho impressed, as against 17*43 per cent, in 
the pressed ingot. The disparity increased more and more rapidly 
as the top sections were ai)proachcd. lie did not see, therefore, 
that liquation had done very much towards injuring tho argu- 
ment that he had adduced. He was glad to agree with 
Mr, Parker on several points, lie had advocated slow cooling of 
the ingot. Mr. Greenwood did not think tho ingot mould (Figs. 3 
and 4) was ill-adapted to tho i)ur 2 ) 08 o. It was a comparatively 
porous cellular arrangement lined with ])adly-conducting material. 

The top and l)ottom faces of metal wore brought in contact with 
burnt clay. It was not a bad arrangement on tho wholo for 
securing wliat was wanted. lie agreed with Mr. Parker as to the 
desirability of saving tho large insurance losses arising from 
fractures in connection with marine shafts. Anything which would 
obviate that evil could scarcely bo estimated in money value. If 
there was anything in which the pressed metal was suj)])osod to 
have had more than ordinary success it was when so applied. Stool 
shafts were a specialty in wliich the metal had been signally 
fortunate. It had been said that more than work was necessary 
to produce a homogeneous ingot. He thought he had j)rovod that 
beyond doubt. He had spoken in the Pa})er of an alteration of 
volume of from 8 to 12 i>er cent. Mr. Vickers liad given 2 per 
cent, as the total alteration affected by fluid compression in tho 
volume of the ingot in question. How much work did that re- 
present ? There were all those blow-holes to fill up ? How much 
work did fluid compression put on the steel afterwards? Hut 
he had in the concluding part of tho Paper acquiesced in that 
view by advocating the making of guns from larger masses of 
steel, tho steel ingots being c*ast under pressure, in the first 
instance, and then requiring considerably less work or forging to 
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'tijbfwwood* be put upon tbera. Mr. Parker, reading from a report of Mr. 

Pourcel, attributed the production of blow-holes to reactions 
going on in the metal itself, whereby carbonic oxide was pro- 
duced. That view was also apparently adopted by Mr. Eeynolds. 
But in the Paper he had stated that blow-holes were found 
to contain carbonic oxide only in very small quantities. Surely, 
then, that gas could not give rise to their presence to any 
large extent; the holes were largely occupied by hydrogen — 
* hydrogen, not coming from any reaction within the metal itself, 
nor derived from any direct action of impinging flame upon the 
metal, but from contact with furnace gases. He would refer to the 
observations of Mr. Hoad to state that the ingots to which he 
referred were many of them made in radiating furnaces. Believing 
as ho did in radiating furnaces, he did not, however, regard them as 
a cure for unsound ingots. Ho attrilnited unsoundness to occluded 
hydrogen coming from furnace gases in some form or other. Mr. 
Kiloy had reminded him of a fundamental axiom that steel with 0*4 
per cent, of carbon would have a higher ductility than steel with 
0*5 per cent, of carbon, tliinking that he had forgotten it. He 
had not forgotten it, and ho hud not forgotten another fact, that 
stool with 0*5 j>or cent, of carl>on, tlio other conditions being the 
same, would have a greater tensile strongtli tlian steel witli 0*4 per 
cent, of carbon ; but, under the altered condition of coiiq^ression, 
steel with 0*4 per cent, of carbon liad a higher strength as well 
as a higlier ductility tlian the stetd containing 0*5 ])er cent, 
of carbon. The pressed ingot Mas taken of the milder temper, 
since lie was afniid that if he took the ingots so that the 
pressed one w'ould bo the harder of tlio Imo, ho should be told that 
the harder ingot would always cast sounder than the milder one, 
and ho therefore took one with 0*4 per cent, of carbon for the 
pressed ingot. Ho also desireil to eliminate all factors which could 
possibly bo eliminated, and ho therefore had steels practically of 
the same strength in the tAvo cases, Avliich left him in a position 
to compare them with reference to ductility only. Mr. Kiley had 
also complained, notwithstanding the three specific references on 
pp. 108, 112, and 128 of the Paper, that he had not explained the 
phenomena of compression on the theory of liquation. It Avas true 
that ho was not able to give an explanation on that score, and he 
left it to the ingenuity of Mr. liiley himself to explain the 
observed phenomena Avith any action of li<piation. According to 
the theory of liquation the centre and tops of the ingots should be 
considerably harder than the outside; but AA’hatdid the tests show? 
The very contrary. Ho aa'-ouW not, therefore, attemj»t to reconcile 
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the results of compression with the opposite ones duo to liquation ; Mr.ar«tnirood. 
for liquation went on also in the pressed inpjot. Tlie exterior of 
the pressed ingot was throughout the tests stronger than the 
centre, and the greatest strengtli was at the top. ]Mr. liiley also 
professed, like others, to find from the Tables a greater degree 
of uniformity in the unprossed ingot. Mr. Greenwood had 
abstrticted from Appendix VI the mean results from the lower 
two-thirds of the unprossed ingots and from the ^^holo of the 
pressed ingot, and com})aring these with referonoo to strength and 
ductility only, they wore as under: — 



Uupr<*fWod Ingot 

1 I'ressod Ingot. 


Strength in 

j 1 Ollfl 

1 Elongation 
l)er cent 

' Strength in 

1 ontt 

j I ongatlon 

1 iMM lent 

Meau of ingot . . . 

. . 28 G4 

7*91 

80 07 

12-71 

Moan of best w. c tiou 

. . :io-9i 

12 14 

82-01 

lG-.'>ri 

Mean of w orst 6(‘otion 

. . 22-91 

2 02 

i 2() 08 

1 

1 10*18 


The highest average ductility of the unpressed ingot was 12*44 
per cent., and the lowest only 2*02 as against 10*55, the highest 
figure in the pressed ingot, and 10*13 the lowest. In the one case 
there VNas a ditTerence of 000 per cent., and in the other a dilTer- 
enco only of 50 per cent, between the highest and the lowest 
figures. Mr. Vickers accepted the statomonis that the occluded gases 
were evolved from the stool at the moment of its solidification ; lie 
also admitted that a head of metal (afterwards to bo rejected) must 
be cast upon the ingot, in order that the lower portion sliould bo 
solid. So far they ran on j)arallel lines, but then tliey diverged 
immediately. IMr. Vickers was “positive ” that all escaping gases 
during com])ression proceeded from the lining of the mould. That 
btatcmeiit he could only take to mean that Mr. Vickers had not 
seen the j>rocess, that he had not considered the volume, the nature, 
or the method of the evolution of the gases. Mr. Vickers had 
mentioned that in casting an ingot in an ordinary lined mould, 
there would be a considerable amount of gas escaping and burning, 
lie w*as there comparing linings of 1 inch, 2, 3, and 4 inches thick 
in the ordinary mould, against a thickness of lining only J or ^ inch 
in the mould for comprcbsion. If he prepared that mould (Fig. 3 ) 
properly and cast an ingot in it, he would see that there w'as no 
visible escai)e of gas from it. Therefore that part of his contention 
failed. 3lr. Vickers and Colonel Dyer had described the action of 
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tk/hmiweeL the presses in their own fashion, and shown how an outer solid 
casing was first formed enclosing an inner core of fluid metal, and 
Mr. Vickers had asked: — “Was it conceivahle . . . that gases 
eliminated after the formation of this wall could be driven 
, through it, and, al>ovo all, without leaving a trace of their 
passage.” He thought he was going to startle Mr. Vickers, but 
the wind had been taken out of his sails in the course of the dis- 
cussion. He had intended to meet the statement with an emphatic 
“ Yes, it is possible to conceive that action,” and he would remind 
Mr. Vickers of sonje experiments in which Professor Itoberts- 
Austen, about the year 1881, described the escape of occluded 
hydrogen gas from heated metal. Gas, and especially hydrogen, 
could pass from, and through, heated iron into a vacuum, and if 
that was possible how much more was it possible for gas, and 
hydrogen in j)articular, to be eliminated from metal under pres- 
sures such as were hero dealt with. But lie by no means confined 
himself to that theory. lie had stated distinctly (p. 114) that he 
doubted if any considerable amount of gas was evolved during 
compression at that stage, but, on the contrary, had surmised 
that in all probability the gases were then kept by the pressure 
in occlusion and not eliminated, or that if they were first elimi- 
nated they were re-occluded during the operation of the pressure. 
Professor Eoberts- Austen had referred to the tempering of steel. 
He differed from the Professor entirely in his argument. “ Temper ” 
was a noun used by engineers and metallurgists to exjiress a 
quality of the steel as cast, and the tempering of steel was applied 
to an operation performed uj)on the steel afterwards. The words, 
therefore, were not oai)ablo of much misconception, at any rate 
amongst steel-makers, (^olonel Dyer had stated that the ingots 
cast at Manchester always had a great hole at alnuit 14 or 16 in(‘hes 
from the top. If that were the case, he could only commend the 
Paper to their consideration as showing that such a thing was un- 
necessary. It did not occur at St. Petersburg, and it need not occur 
elsowhere. He had never said that good steel could be made out 
of chemically bad metal, and he had never thought it. Ho jire- 
sumed that Mr. Vickers’ allusion meant metal that was bad l>ecause 
of its chemical comjx>sition. (Compression did nothing with the 
chemical constituents so far as ho knew. If there was sulphur, 
phosphorus or silicon in the metal Ixjfore compression, they would 
1)0 in the metal afterwards, and would exercise the same influence 
upon the metal of either pressed or unpressed ingots. He made no 
pretence whatever to eliminate anything of that character. The 
process was simply designed for, and required to produce solidity 
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and Tinifomity, and, as Colonel Dyer had remarked, to obtain a 
larger quantity of metal from every ingot for useful purposes. 
It was stated by Colonel Dyer and Mr. ('’owj)er that tluid-prosaod 
steel was never made with high carlK)n. That was erroneous. 
The Paper itself had given an examplo of steel containing 0 • 8;J of 
carbon, and the production of such steel was a daily openition. 
Mr. Walker had said that sound ingots were daily made, and that 
the ra|>er had to go back eight years for a sj)eeimen of bad stool. 
By what process that date was arrived at ho did not know, lie 
could only refer to Mr. Yickers, 3Ir. Ellis, and others, who had 
said that largo steel ingots were not so daily made. As to the 
examples cited in the Paper, they were not eight years, nor eight 
months, nor ( many of them) eight days old when the Pa]>or left his 
hands. The Paper was written in general tonus, and the figures 
were filled in at the last moment from data only just com])leted. 
As to the evolution of “sulphur and other objectionable gases by 
lighting a fire on the top of the ingot ” ho would leave ]\lr. Walker 
to carry out for himself, since ho was afraid that neitlior scuenoo 
nor facts would come to his assistance in supporting such a theory. 
Compressed steel had boon compared to milk and to clay, but he 
did not think the comparisons wore very ha]>py. An examjdo of 
the treatment of clay referred to by Sir It. Kawlinson was afforded 
in the oveiy^-day performance of treading wot clay during the 
manufacture of ordinary crucibles for the stool foundry. The cases 
were somewhat antilogous. There was a certain amount of kneading, 
but the kneading was accompanied necessarily by a certain amount 
of i>ressure for tlie expulsion of atmospheric air from the clay. Air. 
Davis had comidained of a faulty cylinder supjdiod to liiin ; know ing 
nothing of the details of its production, ho w^ould not attemjtt to 
defend it; but against an (‘xample of that sort lie would quote Mr. 
Traill, w^ho had stated tliat, in all the mcchankal tests that ho had 
seen of compressed steel, he had never come across an indifferent 
sjiecimen. Air. J. Sjicncer had remarked that, in his ojiiiiion, 
neither the strength nor the ductility of steel wen* dejiondent, as 
commonly supix)sed, npon the work put u]>oii it. J f this wore so, then 
bis arguments, as also those of otheis who had maintained that the 
fluid-pressed ingot was improved only to the extent of the forging 
it had received during compression, surely fell to the ground. 
Air. Spencer had also stated that he could produce ingots which 
ivere sound, hut the composition of such ingots was not stated. 
Mr. Greenw'ood suspected that such ingots would contain far too 
much silicon for the purposes to which Bj)ocial references had 
been made ; and comparisons could not be made between such 
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Cii*e«Qwoo4. metal and steel, wliioli was practically free from silicon. Tlie 
latter metal, after dead melting and the exercise of every pre- 
caution, had hitherto declined to yield sound ingots except under 
compression. The figures supplied by Mr. Spencer, obtained from 
a 4]^-inch square ingot, were clearly not comparable with the tests 
of the Paper, which were taken from a 34 • 25-inch ingot. It had also 
been asked who was to decide the differences between the advocates 
of compression and of the ordinary methods. The answer came, he 
believed, from the steel user, for ever since the compressing plants 
had been at work a scarcity of work, jjaid for at high prices, had 
been unknown to them. Mr. Mcllonnell partially answered the 
theory of Colonel Dyer as to the action of the press in bending 
down the sides of the ingot, so as to produce a hole at the centre 
near the top ; but neither speaker fully appreciated the fact that 
the pressure first came upon the metal whilst the metal was still 
fluid, and then continued to act uninterruptedly until perfect 
solidification had occurred, so that the formation and turning over 
of any solid wall in the manner suggested did not appear possible. 
Mr. McDonnell concluded that “ if strength was wanted . . . the 
crystals should bo very small,” and the Author was not prepared to 
say that some of the phenomena and results of compression might 
not be due to such a cause ; since under pressure not only was the 
crystallizing point deferred considerably, but the formation of 
largo crystals was juevented, and the fracture of compressed steel 
ingots always presented a much finer crystalline structure than 
the same metal cooled under ordinary conditions. The advocate 
of jigging or hammering at the bottom of the ingots failed 
to appreciate the difference between sacks of grains of wheat 
and a rapidly solidifying mass of steel, the gases in which were 
possibly not evolved until the moment of solidification, after 
which jigging would be quite ineffective, as frequent trials 
had shown. He had seen many cracked ingots in various works, 
but not from pressed steel, and he had inquired from Eussia if, 
during his absence, any cracked ingots had been reported from 
pressed ingots. The reply confirmed his own experience, that a 
cracked ingot after fluid compression was unknown in those works. 
He would also respectfully submit to Lord Armstrong whether this 
and the experiments of the late General Kalakoutsky, which showed 
that the internal stresses within a pressed ingot were exceedingly 
small, whilst those of an ordinary ingot were dangerously high, 
were not sufficient to warrant the conclusions of the Paper on this 
point. Properly pressed ingots did enjoy an immunity from these 
troublesome cracks. He was sorry that detailed chemical analyses 
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were not made at tlie various sections of the ingots, hut these were Mr.GrewLwooj, 
not commenced with the earlier experiments, and it became 
impossible to satisfactorily obtain them later on. However, he 
hoped to make good this defect, as also, by operating upon an ingot 
submitted to much higher pressures, to be able shortly to present 
results of what had been done under more favourable conditions 
than those selected for the Paper. 


Correspondence. 

Mr. J. 0. Arnold remarked that the Paper must be regarded as Mr. Arnold, 
of the highest interest and importance, filling up as it did a dis- 
tinct gap in the literature of steel metallurgy. The cause of the 
absence of anything like complete chemical analyses of the steels 
upon which such thorough mechanical tests had been made, was 
suflSciently obvious and natural ; but such an omission of course 
rendered the Paper incomplete. It was also a matter of regret that 
the internal molecular structure of the ingots could not be removed 
from the region of hypothesis by a series of photo-micrographs 
from properly prepared sections. It could not be too strongly 
urged, that full information concerning steel could only be obtained 
from a correlation of the chemical, mechanical, and microscopical 
tests yielded by the piece under examination. The importance of 
originally fairly sound ingots for forgings, was beyond question. 

Some years ago he had a painful experience with Bessemer tire 
ingots, upon which the waste was very large, and such chemical 
remedies as could be applied, were ineftectual. These ingots 
were, in some cases, so riddled with gas-bubbles, that their con- 
signment to the scrap-heap was a necessity, the metal between the 
blow-holes cracking under the blows of the hammer into large 
roaks. An ingot was placed in a tank under hot, recently boiled 
water, and a special drill was made, to the shank of which a 
number of glass tubes full of water could be attached. On drilling 
into the ingots, an evolution of gas took place into the tubes. A 
eudiometrio analysis of this gas revealed the fact that it was 
chiefly hydrogen, and the lime-water tests, applied before and after 
explosion with oxygen, gave negative results, thus indicating the 
absence of (or at any rate, the presence of, only a very small pro- 
portion of) oxide of carbon. It was interesting to note that 
the results of these experiments totally negatived an idea put 
forward some time ago, that the hydrogen obtained, resulted from 
a chemical decomposition of the water ; because when the notes 
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Hr. Amoid. made as to the quantity of gas evolved from each drill-hole, were 
compared with the ingot, it was found that the sides of the borings 
from which the largest quantities of gas were obtained, were full of 
blow-holes, whilst the sound borings gave off no gas. The exces- 
sive proportion of the occluded gases was ultimately satisfactorily 
removed by brisk mechanical agitation of the contents of the ladle 
before teeming the ingots. On pp. 130 and 131, the Author had 
given a series of tests of annealed shell-steel in its soft state, and 
of the same material from a hardened and tempered shell which 
had sustained firing impact on an armour-plate, and stated, that 
“ the tests afford evidence of the molecular condition of a successful 
projectile after it has been fired at an armour-plate.” It was, 
however, obvious that in the absence of the tests given by the 
same steel in an uncompressed condition, these results could not be 
taken as evidence of the superiority of the compressed material. 
Again, it was evident that the molecular changes which had taken 
place (namely, a large increase in the elastic limit and ultimate 
stress and reduction in the extension, both most marked at the 
apex of the shell), were to be attributed to the influence of harden- 
ing, and the molecular change, if any, due to the impact, remained 
an unknown quantity owing to the absence of an intermediate 
series of tests made on the shell steel after tempering and before 
firing. To the majority of the theories enunciated by the Author 
as to the blowing and piping of ingots, his experience led him to 
give a cordial support. 

Mr. Firth. Mr. T. FiEiH thought it a pity there was such a wide difterence 
in the temper of the two ingots taken for trial. The uiipressed 
ingot having 0 • 50 per cent, of carbon, and the pressed ingot 0 • 39 
per cent., there could scarcely be a comparison of value between 
them. lie believed the tests would bo in favour of the milder ingot. 
Also, it seemed hardly fair to compare one ingot just as cast with 
another which had been submitted to some work, the fluid com- 
pression apparently acting on the tests in the same direction as 
would a certain amount of forging or pressing after reheating. 
The tests, especially those nearer the outside, of the softer and 
pressed ingot, were acted on by this fluid compression, just as they 
would bo if the ingot wore reheated and forged, and raised to 
about the same tensile-strain as the harder and unprossed ingot. 
In a similar way the elongation would be improved to even a 
greater extent. The comparison would be better if the tests were 
taken after the same two ingots were reheated and forged, and it 
would be very interesting to know if this had been done. Allow- 
ing for the great difference in temner, he did not think the tests 
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from the lower parts of the ingots would vary much. The extra cost Mr. Firth* 
of fluid compression would, no doubt, as the Author said, be more than 
compensated for by the larger piece of the ingot that could be used. 

Mr. B. A. Hadfield observed that whatever might be the opinion Mr. HadfiolL 
held as regarded the process described, the preparation of the 
Paper must have involved very considerable care and trouble. 

The Author was the head of the rising technical school in Sheffield, 
and it was an especial satisfaction to Mr. Hadfield, as a Sheffield 
man, to think that so able an exponent of technical matters was in 
that position, and devoting himself to the promotion of technical 
education. It was difficult to understand how compression benefited 
steel, seeing the very high results that were now obtained both from 
forged steel and steel made in the ordinary way, and especially so 
in face of the recent interesting results of the cast-steel gun tests 
in America. The Standard Steel Casting Company of Thurlow, 
Pennsylvania, supplied a gun pure and simple, neither forged, 
hammered, nor oil-tempered, but simply annealed in the usual 
way ; and in eight difierent test-bars cut from different parts of 
this casting, the mean elongation amounted to no loss than 21 
per cent., and the mean reduction in area to 32 per cent. It seemed 
doubtful whether either forged or compressed steel could have given 
better results. As regarded the effect of fluid compression upon 
steel, it would be interesting if the Author could add to the data 
what was the actual reduction in diameter between the size of the 
mould and that of the cast ingot when cold ; that was what was 
the actual diameter of the mould when the steel was first run in, 
and what was the diameter of the ingot-casting itself when cold. 

Seeing that the Author mentioned that the compression process 
caused an average reduction in length of 1 ^ inch to the foot, it 
would be well to know whether this process in any way interfered 
with the ordinary contraction of steel, which was, as was generally 
known, ^ inch per foot, or double that of cast-iron. Jt had been 
mentioned in an American Paper that Mr. Hinsdale, of the Jersey 
City Steel Works, had experimented in compressing a small 
JJ-inch square ingot with a pressure of 65,000 lbs. per square 
inch, and he stated this was nearly double the pressure ever 
applied by Sir Joseph Whitworth. The result was the shortening 
of the ingot from 25 inches to 22 inches in length, and perfect 
solidity was obtained except that the pipe appeared in the same 
form, a flaw, as it ordinarily displayed itself at the forged end of 
a bar. Mr. Hinsdale thus found that piping or its effects could 
not be eliminated by pressure, and invented a perforated plug to 
insert in the mould upon the top of the fluid metal, through the 
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Mr* Hadfield. perforations in whicli the gases might escape when applying the 
pressure. With reference to the actual effect of compression or 
the fluid gases in steel, it was very difficult to offer an opinior 
without further data, but without doubt, in certain kinds of steel 
the action mentioned by the Author did take place, namely, at a 
particular point when solidification had nearly occurred, certain 
gases were given off. Dr. Muller had very thoroughly investigated 
this question.^ It would have seemed desirable to have more 
chemical data respecting the steel treated in the examples given 
by the Author, and especially as to whether compression stopped 
the liquation of sulphur and phosphorus, a fact of late much dwelt 
upon by leading metallurgists ; also if drillings had been taken 
from an ingot in the way shown by Mr. T. E. Vickers with un- 
compressed steel. Mr. Walrand, a Continental metallurgist, had 
stated, in 1885, in an article on the Structure of Steel Ingots, that 
even compressed ingots which did not show any apparent trace of 
pipe would do so after polishing and etching with acid. Had the 
Author made any experiments as to this point ? In conclusion, it 
was difficult to offer any definite opinion as to the effects of fluid 
compression upon the quality of steel, without having the cor- 
responding tests on forged specimens from the same steel. No 
doubt the Author’s idea, and very properly so, was to narrow down 
and to confine the discussion if i)ossible to one class of material, 
namely, steel in its unannealed cast state. But, as founders of all 
metals well knew, the irregularity of any cast material, and 
especially steel in its cast and unannealed state, rendered it 
difficult to draw therefrom definite and satisfactory conclusions, 
as such material was seldom, if ever, used without further treat- 
ment. No report as to any kind of steel could bo well considered 
complete without tests of it, not only in its oast, but also in its 
annealed and forged states. The excellent material now being 
luoducod in Sheffield by such firms as Messrs. Vickers, Brown, 
Cammoll, Firth and others, without the application of any fluid- 
compression process, and merely by a judicious selection of materials, 
and by the application of proper means of melting and working the 
steel, seemed the best proof that fluid compression was not neces- 
sarily requisite for the production of homogeneous and reliable steel. 

Mr. Hoiie. Henry M. Howe, of Boston, U.S., observed that in the 

Whitworth steel-compressing process two periods might be 
distinguished, compression during liquidity and compression 
during the subsequent solidification and plasticity, or into 
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** liquid compression ” and “ plastic compression.’* On a priori Mr. Howe, 
grounds little could be expected from liquid compression, further 
than the bottling-up of gas within the metal, to be evolved 
later during solidification. Molten steel was practically incom- 
pressible. Its solvent power for gases, like that of other liquids, 
increased with the existing pressure. Pressure applied before 
the steel solidified, then, should retard or even wholly arrest 
the escape of gas from the surface of the molten metal, which 
usually occurred, and should therefore increase the amount of 
gas which was retained, to be evolved later during the solidifica- 
tion of the metal ; for the solvent power of steel, as of other 
substances, for gases diminished enormously during solidifica- 
tion. The escape of gas from the metal before solidification was 
hp aIoss ; the escape of gas during solidification, however, led to 
j6 formation of blow-holes, cavities duo to gas which formed 
, within the metal while it was still so soft that the particles of gas 
could collect into bubbles, but not so soft that these bubbles 
could rise quite to the surface and escape. Compression during 
plasticity, however, should restrain the formation of blow-holes by 
squeezing out the gas which formed, just as water was squeezed 
out of a sponge, by diminishing the size of the gas-bubbles which 
were not squeezed out, and by increasing the solvent power of the 
metal for gas. In short, liquid compression appeared wrong in 
principle, plastic compression appeared right. But as the outer 
layers solidified while the inner ones were still liquid, it might be 
hard to apply plastic compression without more or less liquid 
compression. Now apprehensions had been felt that the effect of 
plastic compression, in limiting the formation of blow-holes, and 
in closing the central contraction-cavity or pipe, might not greatly 
outweigh the bottling-up effect of the preceding liquid compression, 
and the increased evolution of gas during solidification to which 
that bottling-up should lead ; and that the net effect of the two 
operations might not lead to much greater solidity than that 
obtained without compression. The Author’s statement that 
liquid-compressed ingots, 34*25 inches in diameter, when parted in 
two lengthwise, were found perfectly solid, was certainly re- 
assuring, and extremely welcome. But the important question 
connected with liquid compression, whether liquid-compressed 
steel wfMS better than other steel, was loft just where it had been 
found by the Author. True, some 30 per cent, of the weight of 
uncompressed ingots might have to be rejected on account of cavities. 

But though rejected, the steel was not lost; it had merely to 
be remelted and recast, at a cost which, in the opinion of many, 
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Mr. Howe. ^as far too small to warrant the erection of liqnid-compressing 
machinery. The Author indeed showed what had been generally 
known for many years, that the physical properties of compressed 
ingots were far better than those of wholly untreated ingots ; but 
nobody would think of using steel ingots or other steel castings for 
any important purpose without some form of treatment, either by 
forging or by heat. All steel-makers knew the comparative 
worthlessness of untreated castings, and the enormous benefit to 
their physical properties which could be readily conferred, either 
by reheating them to the critical j)oint h of Chemoff (W of 
Brinnell), or by forging. It was evident that plastic compression 
was a form of forging, and that it should break up the coarse 
crystalline structure of ingots like other kinds of forging. The 
defects of steel castings were two : cavities, and coarsely crystalline 
structure. The former could be obliterated by forging under 
sufiiciently powerful apparatus; the latter either by forging or 
simple treatment by heat. The question was . — Could they, and 
the weakness and brittleness which they caused, bo removed more 
completely by compression during and immediately after solidifi- 
cation, than by forging the solidified metal ? Now, to settle the 
question whether liquid compression was expedient, evidence was 
wanted, not as to the already-known grave defects of untreated 
castings, which nobody used ; but whether those which were used 
— to wit, forgings and heat-treated castings — were bettor for 
having undergone liquid compression before being forged or 
treated by heat. Ho had endeavoured to throw some light on 
this question by comparing the physical properties of the best 
forgings which had been publicly described, and which had not 
undergone liquid compression, with the published properties of 
Whitworth compressed steel, seeking from the management of the 
Whitworth establishment the properties of its best products. He 
reasoned that, if Whitworth compressed steel was no better than 
what was made by others without compression, there would be little 
ground to think that liquid compression, which was believed to be 
extremely costly, really accomplished any useful result- According 
to tliis comparison, the properties of Whitworth compressed steel, 
while admirable, were no better than those of the best un- 
compressed steel of several American establishments.^ Nor did he 

* “Engineering and Mining Journal,” August 4 and 11, 1888, pp. 87, 88, 110. 
Also “ The Metallurgy of Steel,” vol i , pp 159 to 161, now in the press 

The comparison was made by plotting in one diagram tensile-strength as 
ordinate and elongation as abscissa, and in another diagram elastic limit as 
ordinate and elongation as abscissa. In both diagrams a sort of milky way was 
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find that the physical properties of compressed steel, which the Mr, Hoire. 
Author gave, and which he had plotted on these same diagrams, 
excelled those of the best uncompressed steel in America. He must 
except the properties of the steel shell after firing against an 
armour-plate, which by this operation had become most remarkable. 

It might, however, be questioned whether they were comparable 
with those of steel under the usual conditions, since their excellence 
seemed to have been acquired on firing ; the same metal in its soft 
state appeared to be only fairly good. The commendations of 
Whitworth steel by General Maitland and others, and the general 
public knowledge and experience cited by the Author, were far 
from convincing. It was generally understood that Whitworth 
steel was admirable; but it had not yet been shown that the 
uncomnressed steel of Krupp and of Schneider in Europe, and of 
^ambria and the Otis works in America, was inferior to 
f hitworth’s. 

Admin 1 Kolokoltzoff, I.E.N., observed that at the Abouchoff Admiral 
Works no cavity was ever found in the extreme top of the com- 
pressed in ^ot. If the pressure had not been sufficient, or if the 
ingot was ^arge, some cavities of very small volume might occur 
in the cent 3 of the ingot from one-fourth to one-third of its length 
from the » >p. There had never been occasion to cut off any 
portion ; in fact it was considered that the top of the ingot was the 
best part of it. Although the size of the columns, and the largest 
amount of pressure (10,000 tons) that might be applied was stated 
correctly in the Paper, such pressure was never used, because it 
had been found from practice that one-half of it, or even one-third, 
was quite sufficient. 

Mr. B. H. Thwaite remarked that when an ingot mould was Mr. Thwaite 
filled with molten metal, the latter occupied a cubic space greater 
than it would do in its cold condition, if solidified so as to produce 
perfect molecular contact, in the ratio x B : where X 

represented the size of the ingot, and B the dilation due to the 
difference of temperature between the temperature of solidification 
and that of fusion. In the ordinary system of casting ingots, this 
perfect solidification was impossible ; the ingot was cooled on the 

thus formed, but, with a solitary exception, the spots for Whitworth compressed 
steel lay within the baud, undistinguishablo from the uncompressed steol of the 
best American makers. Admitting that this method was not conclusive, since 
the tensile-testing-machine gave but a rough measure of tho absolute value of 
the metal, it certainly seemed very probable that, if liquid compression really 
benefited the metal greatly, its results would have been apparent in these 
diagrams. 
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Jfc. UliWaHe, outer sides whilst its internal condition was molten ; the result 
was that the outside became, on cooling, a comparatively rigid shell, 
of nearly the dimensions of the metal in its molten and dilated 
condition, having in its interior metal in a still molten condition. 
When the latter cooled down, the interior of the ingot was filled 
with cavities having a total cubic capacity, represented by the 
different space that the metal would occupy if solidified in perfect 
molecular contact, and what it occupied in its molten condition, these 
cavities preventing molecular contact. A fairly accurate estimate 
of the relative volume of these cavities could be arrived at. Taking 
for an example an ingot 45*72 centimetres square, by 152*4 centi- 
metres long, having a cubic capacity of 6,967 cubic centimetres, with 
the dilatability X in the following formula, X = A -f- A' (T — 40), 
where T was the temperature, A the coefficient of dilatability at 
40° Centigrade, and A! a coefficient fixed by Fizeau (Annuaire du 
Bureau des Longitudes 1885). Then the volume of cavities that 
would be produced if the ingot was chilled initially on its outside, 
whilst the internal metal was molten, would be equal to 22 cubic 
centimetres. These cavities distributed throughout the ingot 
might be reduced in volume by hydraulic compression. But if the 
metal was cooled on the outside surface before the inside was cooled, 
would hydraulic compression prodiice absolute molecular contact ? 
Unless the metal cooled from one side or from the centre it was 
hardly possible to conceive that the cavities, due purely to the im- 
perfectly uniform molecular contraction, could be prevented. If 
the metal was of a uniform character and cooled in such a way as 
to effect molecular contact, the specific gravity would be uniformly 
fixed. The average specific gravity of compressed steel given in the 
Paper agreed very closely with that, which might be expected from 
calculation, and taking an ingot of a volume equal to 6,967 cubic 
centimetres and assuming it were cooled, so that the 22 cubic 
centimetres due to outside cooling were eliminated by cooling from 

one side or from the centre, then ( X 0*78542 ) + 0*78542 

\6,967 y 

= 0*787912. This was very near the average specific gravity 
given by the Author as 0*78795. In the calculation the specific 
gravity of ingot steel cast in the ordinary way was taken as 
0 * 78542. The pipings and cavities produced by the outside cooling 
on the present system involved a most serious thermic waste. If 
only 2 cwt. of porous metal were cut from the ends of a 10-cwt. 
ingot, this represented a loss of 3,000,000 thermic units Fahren- 
heit, a groat part of which, by the application of some system of 
producing natural and perfect molecular contact, during the cooling 
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of tlie metal, could be saved. The uncertainty of steel as to its Mr. Thwidts. 
uniform structural reliability was due to the distinctive laminations 
and cavities rolled down in the ingot, which could only be dis- 
covered by drilling the entire surface of the plate. 

Mr. W. II. Greenwood, in reply to the correspondence, said there Mr.GroenwootU 
was little that had not been referred to during the discussion, or 
called for further comment. In the statement that “ he did not 
think the tests from the lower parts of the ingots would vary 
much,” Mr. Firth practically accepted the contention of the Paper, 
for he obviously assumed that the lower part of the ordinary 
ingot would be the best portion, because it would be sound and 
cast under the pressure of the head of metal above ; but it was 
claimed for fluid compression, and shown by the tests, that com- 
pression rendered the top and whole of the ingot at least equal to 
the lower part, or to the best portions of the unpressed ingot. 

Admiral Kolokoltzoff even stated that the top of the pressed ingot 
was considered the best. He was afraid Mr. Hadfield’s satisfaction 
with the cast-steel guns manufactured in America, one of which 
broke up under proof, while the other one had not yet so succumbed, 
would not be endorsed by artillerists and steel-makers generally, 
as satisfactory evidence of the suitability of steel castings for guns 
at the present time. He did not know wliy fluid compression 
should materially interfere with the operation of the ordinary law 
of contraction for sound steel ingots; and the enquiry as to 
dimensions of the ingot before and after compression appeared to 
be furnished by the statement on p. 8G of the Paper, where the 
difference in volume between the pressed and unpressed ingots was 
stated to range between 8 and 12 per cent., the contraction in 
length being given as usually 1 J inch to the foot, and it sometimes 
exceeded that amount. With respect to the quoted experiments 
of Mr. Hinsdale ui^on a 3 J-inch square ingot, such experiments had 
invariably proved failures. The earlier experiments, conducted 
upon 4, G and 8-inch ingots in this country, had shown similar 
I'D suits, namely, that the mass of metal so operated upon was alto- 
gether too small for fluid compression. The metal, in such cases, 
solidified far too rapidly for the successful application of fluid 
compression. The pressure applied to such small masses effected 
only a breaking down of the structure of the steel ; just as occurred 
with larger masses when the pressure was applied after considerable 
delay, when a partial solidification of the metal might have already 
taken place. Drillings had been taken over the surfaces of hori- 
zontal sections of compressed ingots, and liquation of sulphur 
and phosphorus towards the centre was found to take place. 
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Hr^^dk^wood. Mr. Howe divided the action of the press into two stages, 
‘‘liquid,” and “plastic compression,” the former of which he 
concluded was wrong, and the latter right. His argument, how- 
ever, seemed to falsify such a position, for he stated that the escape 
of gases, and so the formation of blow-holes, was retarded, or even 
wholly arrested, by high pressures applied during the liquid stage. 
The Author concluded that unsoundness would therefore not result 
during that stage. Mr. Howe further considered that, during the 
plastic state of the metal, the press “ should restrain the formation 
of blow-holes by squeezing out the gas,” a theory generally op- 
posed during the discussion, and only very partially accepted by 
the Author ; nevertheless, from such statements, it would appear 
to follow that a continuous pressure applied throughout both the 
liquid and plastic stages would yield ingots of perfect solidity; 
however, Mr. Howe did not consider the saving thus effected, which 
amounted to some 30 per cent, of the metal cast, as of much im- 
portance, since such rejected metal “ had merely to be remelted and 
recast.” But the first cost of melting 30 per cent, too much metal, 
and then of preparing the same for the furnace, and remelting 
these large masses of rejected steel (10 tons and upwards from a 
40-ton ingot), was not the small item suggested ; while furnaces, 
cranes, and tackle had each to be provided of the higher power and 
capacity required for the manipulation of masses of steel 30 per 
cent, heavier than they need be were fluid compression adopted. 
Statements of the superiority of this or that maker’s steel, American 
or European, over others, required always to be received with 
caution, especially when the whole history of the samples was not 
known, for the quality of a steel was obviously variable, according 
to the method of manufacture, the raw materials employed, and by 
subsequent heat treatment ; also the conclusions might be affected 
by the method of testing. Before the value of any particular 
treatment could be determined, it appeared necessary that com- 
parisons should be made upon samples identical in all respects 
except as to such treatment. The effect of fluid compression was 
considered in the Paper, by examining practically the same material 
when pressed and when unpressed, and showed that the process 
produced sound ingots of mild steel, free from cracks or tears, and 
any portion of which was equal or superior in physical character 
to the corresponding portion of the unpressed and always unsound 
ingot. The results of treatment by heat, and of forging upon such 
compressed metal were equally satisfactory ; but data for the com- 
parison were not yet in the possession of the public, such data as 
Mr. Howe referred to being illusory, every detail, both as to method 
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of production and of treatment of the samples, being probably Mr.Qreomrood 
different with each set of specimens to which he referred. The 
remarks of Mr. Thwaite had reference to contraction cavities only, 
and his calculations and reasoning would appear to confirm the 
Paper as to the elimination of blow-holes from the steel. But, he 
asked, would hydraulic compression produce absolute molecular 
contact if the metal was cooled on the outside surface before the 
inside was cooled? To this he would answer that, under the 
conditions of cooling in the special mould employed, the pressure, 
when properly applied and sufficiently prolonged, did assure such 
Contact, so far as could bo revealed by mechanical testing of the 
metal and examination by the microscope. 


14 May, 1889. 

Sm GEOEGE B. BEUCE, President, 
in the Chair. 

The discussion on tho Paper by Mr. W. H. Greenwood, on “ The 
Treatment of Steel by Hydraulic Pressure,” was continued through 
out the evening. 


21 May, 1889. 

Sir GEOEGE B. BEUCE, President, 
in the Chair. 

Death of Mr. Erancis CROUGHroN Stillman, Member of Council. 

The President said. It is my painful duty to intimate from this Sir G. B» 
Chair the death of an esteemed Member of Council, Mr. Frank 
Stileman. Last Tuesday Mr. Stileman was present in his usual 
health, which in later years had never been very robust. On 
Saturday last he was struck down as in a moment. Natural 
modesty, combined with delicacy of constitution, prevented Mr. 
Stileman from ever taking a very prominent public part in our 
discussions; yet in spite of that his fellow-members discerned 
those qualities of heart and life which led them to elect him again 
and again to a seat on the Council. Those who met him at the 
council-table could heartily endorse the wisdom of placing him 
there, and now mourned the Providence which had deprived them 
of his companionship. We gladly place on record the high 
esteem in which we held Mr. Frank Stileman, believing that he 
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O. B. maintained in his professional and personal character those qualities 
^ which have secured to onr profession and to this Institution the 
conddenoe which the world had so fully accorded. May the 
Institution ever have amongst its leaders men as able, as single- 
hearted, and as true as Frank Stileman. 


The following Associate Members have been transferred to the 
class of 

MemberB. 

Humphbey Chamberlain. I Alfred Eley Preston. 

David Morris. | Henry Badeley Smith. 


The following Candidates have been admitted as 

Students, 


John Henry Barker. 

William Edward Gilbert Belcher. 
Hilaire Belloe. 

Peter Clarke. 

James Stanhope Cookburn. 

Samuel Edward Cooper. 

Hichard John Cracknell, 

William Joseph Brbmner Davis. 
Sholto Hyde Whyte Douglas. 
William Pieuoy Edwards, R.N. 
Bernard Morley Fletcher. 


Frank Laurens. 

John George LiVERsroGE, R N. 

John May. 

Henry Arthur Fitzherbert Mus> 

GRAVE. 

Harold Stanley Percival. 

John Smith, Wh Sc. 

John Cuthbert Traill, B A. 

Edward Vernon Waud. 

Henry Richard Kemp Woodward. 


The following Candidates were balloted for and duly elected as 

Honorary Members, 

Sir Henry Bessemer, F R S. 

Sir William Thomson, LL.D., F.R.SS. L. & E 


Associate Members, 


William Thomas Clifford Beckett. 
John Watkins Brough, Stud. Inst. 
O.E. 

William Samuel Child. 

Stephen Butler Cottrell, Stud. 
Inst. C.E. 

Alfred Fawcus, Stud. Inst. C.E. 
Charles Henry Gale, Stud, lust. 
CE. 

George Hewson. 

Reginald John Jones. 


William Turner MacLellan, Stud. 
Inst. C E. 

James Marchbanks. 

Lewis Prichard Moline. 

David Oldfield. 

Norman Soorqie. 

John Harris Hazlett S'winey, B.A., 

BE. 

Arthur Pepys Wood. 

John Woodside, Stud. Inst. C.E. 
Robert George Young. 


The discussion on the Paper by Mr. W. H. Greenwood, on “ The 
Treatment of Steel by Hydraulic Pressure,” occupied the whole 
evening. 
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ANNUAL GENEEAL MEETING. 


28 May, 1889. 

Sir GEOEGE B. BEUOE, President, 
in the chair. 

The Minutes of the Annual General Meeting of the 29th of 
May, 1888, were read and confirmed. 

The Notice convening the present Meeting having also been 
read, it was moved, seconded, and resolved, — That Messrs. E. W. 
Peregrine Birch, George Chatterton, H. W. Chubb, C. 11. Cooper, 
F. S. Courtney, W. Santo Crimp, W. Fox, Alfred Fyson, E. F. 
Grantham, Killingworth Hedges, G. M. Lawford, Wilfrid Stokes, 
and J. M. Wood, be requested to act as Scrutineers for the election 
of a President, of four Vice-Presidents, and of fifteen Other 
Members of Council for the ensuing year ; and that, in order to 
facilitate their labours, the Balloting- 2 )apers be removed for 
examination at intervals during the hour for which the ballot 
remained open. 

The Ballot having boon declared open, the Secretary road the 
Eeport of the Council upon the Proceedings of the Institution 
during the Session 1888—89 (p. 207), the Statement of Accounts 
being taken as read. 

Eesolved, — That the Eeport of the Council be received and 
approved, and that it bo printed in the “ Minutes of Proceedings.” 

Eesolved, — That the best thanks of the members bo tendered to 
the Vice-Presidents and the other Members of Council for their 
successful endeavours to promote in every way the efficiency of 
the Institution. 

Sir John Coode, K.C.M.G., the senior Vice-President, replied on 
behalf of himself and his colleagues. 

The Ballot was then declared to be closed, having been open 
more than one hour. 

Eesolved unanimously, — That the cordial thanks of the Institu- 
tion be given to Sir George B. Bruce, the President, for the very 
able manner in which he had performed the duties of his office. 

Sir George B. Bruce, President, expressed his thanks for the 
flattering terms in which the Eesolution had been proposed and 
seconded, and for the cordial way in which it had been received. 
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Eesolved, — That the thanks of the Institution by presented tc 
Messrs. Rob. W. Graham and Alex. McKerrow, the Auditors, foi 
the Statement of Accounts which they had submitted ; and thal 
Messrs. Alex. McKerrow and Robert White be requested to act ag 
Auditors for the ensuing year. 

Resolved, — That the thanks of this meeting be given to Dr. 
Pole, Honorary Secretary, to Mr. Forrest, Secretary, and to the 
members of the staff, for the able and energetic manner in whicL 
they had discharged their respective duties. 

Dr. Pole and Mr. Forrest returned thanks. 

The Scrutineers then announced that the following gentlemen 
had been duly elected : 

President, 

Sir JOHN COODE, K.C.M.G. 

Vice-Presidents, 

George Berkley. Alfred Giles, M.P. 

Harrison Ilayter. Sir Robert Rawlinson, K.C.B. 

Other Members of Council, 

William Anderson, of Erith. Sir Bradford Leslie, K.C.I.E. 
Benjamin Baker. George Fosbcry Lyster. 

John Wolfe Barry. James Mansergh. 

Edward Alfred Cowper. William Henry Preece, F.R.S. 

Sir James Nicholas Douglass, Sir Edward James Reed, K.C.B. 

F.R.S. F.R.S., M.P. 

Sir Douglas Fox. William Shelford. 

J. Clarke Hawkshaw, M.A. Francis William Webb. 

Charles Hawksley. 

Resolved, — That the thanks of the meeting be given to th( 
Scrutineers, and that the Ballot-Papers be destroyed. 


[Report op the Council. 
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EEPOET OF THE COUNCIL, Session 1888-89. 


The Council in resigning the trust committed to its charge has 
again to report a year of progress and prosperity for the Institution. 

Constitution. 

The Council has ever kept in view the main principle, often 
urged in former reports, that the name “ The Institution of Civil 
Engineers” does not imply limitation to any particular class of 
practitioners ; that the word “ Civil,” so frequently misunderstood 
and misused, means simjdy “civilian,” as contrasted with a member 
of the military profession. Hence any person who follows the Art 
mentioned in the Charter of “ directing the Great Sources of Power 
in Nature for the use and convenience of man,” whether he be a 
Mechanical Engineer, an Electrical Engineer, a Municipal Engi- 
neer, a Mining Engineer, or an engineer of any other denomination, 
provided only that he be a “ civilian,” is eligible for admission, 
if qualified, into The Institution. 

The Council has always acted on this broad basis, a basis which, 
by reason of the nature and constant extension of engineering 
work, is widening every day. It recognises the advantage of 
subsidiary engineering societies, which, indeed, are a necessary 
result of the division of labour in the profession, and of the 
magnitude of each of its branches. The Institution freely wel- 
comes these societies, and accords to them every available 
facility. The Council, on this principle, has been in the habit 
of lending the Meeting Boom to the Mechanical Engineers, the 
Electrical Engineers, the Iron and Steel Institute, the Municipal 
and Sanitary Engineers, and the Gas Institute, as well as to some 
other bodies engaged in scientific pursuits allied to engineering, 
such as, for instance, the Meteorological Society. 

There is work for all the subsidiary societies named, in addition 
to that done by this Institution ; but the Council hopes the day is 
not far distant when these societies, still keeping each its special 
individual existence, may become united in one great fold, worthy 
of the profession to which they all belong, but whose characteristic 
und comprehensive name belongs to this Institution alone. 

The Council does not, however, wish it to be understood that. 
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altHougli the scope of the Institution is so wide, the admission to 
its priTileges is unduly lax. The Council has not hitherto seen 
the way to establish (as some professional societies have done) 
an examination for admission ; but it supplies the absence of this 
by a rigid inquiry into the qualifications of all candidates ; and, 
in proportion as the applications become more numerous, so the 
necessity for this strictness becomes more imperative. 

The Council most earnestly asks the aid of the members to 
render this task more easy. It is known that in some cases 
signatures have been given when the giver has in fact had a very 
limited personal knowledge of the candidate ; but every member 
should recollect that his name, attached to a proposition-paper 
or to a transfer-paper, is tantamount to his certificate of the 
candidate’s eligibility for the privilege sought, and, indeed, is, to 
a certain extent, an attestation of the truth of the statements made 
on the face of the application. It has sometimes happened (though 
rarely) that these statements have neither been borne out on 
inquiry, nor conveyed a moaning altogether consistent with fact. 
The Council is justified in dealing severely with such cases, and 
thinks that much of the responsibility should fall on those who 
have too lightly endorsed the statements. 

With regard to the Student class, the Council has exorcised its 
right to act somewhat more freely than with the Corporate 
Members. It is only consistent with the scientific character of the 
profession that every candidate for admission thereto should be 
required to undergo a fair preparation by pupilage ; and the 
Council has now laid down a rule that no person shall be admitted 
as a Student unless he can also produce sufficient evidence of a 
competent knowledge of certain elementary subjects of general 
education ; namely : — 

English Grammar and Composition ; 

Elements of Mathematics ; 

Elementary Mechanics of solids and fluids ; and 

Two optional subjects of general literary or scientific culture. 

These acquirements, it must be admitted, form only a small part 
of the theoretical training which every modern engineering 
student ought to receive ; but the Council desires to enforce, as far 
as practicable, its opinion that a good general education, combined 
with an elementary knowledge of the special subjects required in 
the pursuit of the profession, is a jpi^eliininary necessity of the 
present time for the engineering student. 
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Composition of the Council. 

One of the most important duties of the Council is the nomina- 
tion of suitable persons for the various offices in the Council — ^in 
fact, the composition of its own body — in order that it may be 
not only efficient in its government of the vast interests committed 
to its care, but may be faithfully constituted as representing the 
free choice of the members of the Institution. 

It was in the year 1878 that the present constitution of the 
Council, consisting of a President, four Vice Presidents, and fifteen 
ordinary Members (the full number prescribed by the Charter), 
was first adoi^ted. 

The Charter provides that the election of tliis body shall be 
left to the free and uncontrolled choice of the Corporate Members 
at the General Meetings. 

Experience, however, has shown that it would bo very unwise to 
risk the many chances of accident which might arise if the electors 
were left entirely unguided ; it has therefore become the custom 
in all well-managed Institutions for the governing body to offer 
some helj) in the sha])e of recommendations of persons whom it 
considers proi)erly qualified and fit for such responsible duties. 

Therefore a By-Law (Section VI, Clause 2) was passed, directing 
the Council to submit a Balloting List of at least twenty-nine 
Members so qualified, stating which among them it recommends 
as President and Vice Presidents. 

This list gives a choice of nine names more than can be elected, 
and it must be further borne in mind that the electors have 
liberty to substitute any other names for those suggested. But it 
has never ha 2 )pened that any Member lias been elected whose 
name has not been included in the Balloting List prepared by 
the Council. The Balloting List having thus been so loyally 
received, the Council has felt it a duty to take great care in its 
preparation, and during the Session now terminating there has 
been a motive for even more than usual attention to this duty. 

Shortly before the General Election of May, 1888, there waa 
reason to think that a feeling existed in the body of the Institution 
in favour of a more rapid change in the Council, and in cir- 
culating the Balloting List for that election, the Council accom- 
panied it by the following note : — 

“ In issuing the Balloting List on this occasion, the Council thinks it right to 
convey to the members a notice of its intention to recommend to the con- 
sideration of the in-<*oming Council that a course may be adopted whereby a 
somewhat more rapid circulation in the Council may be ensured in the future 
than has hitherto prevailed.” 

[the INST. C.E. VOL. XCVIII.] P 
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Accordingly, the present Council has given the matter lengthened 
and anxious consideration ; but the subject is beset with so many 
difficulties that the Council has been unable to take any decided 
steps in the matter, and can only otfor to the members some general 
remarks. 

In the first place, there has been great difficulty in determining 
to what extent tliere exists a desire for change. Xo formal repre- 
-sentations to such an effect have ever been put foiward, nor in any 
of the later General Meetings have any statements been made with 
this tendency. In the year 1880 a desire was ex])ressed that greater 
choice should be given in the names submitted, and this was 
acceded to by the adoption of the present Jiy-Liw, giving, as 
already stated, nine names more than were required. This would 
appear to have met the want then cx]>resscd. 

The duration of the Prcsidontsliip, according to the Tij^-law 
quoted, is limited to two years; but in tlio Keport for 1880 the 
<^ouncil alluded to the existence of a general feeling that it ^vould 
be desirable in fuiurc for a J’rosident to hold office for one year 
only. Since that time, Mr. W. If. Harlow, Mr. »Tames Aberncthy, 
Lord Armstrong, Sir «bunes Brunlees, Sir Joseph Bazalgette, and 
Mr. Kdward Woods have hedd the office for one year only ; but Sir 
Frederick Bramwcdl, b;v reason of the alteration in tlie time of 
oleetion, held office* for tv^o sessions, and Sir George B. Bruce was 
elected a second time. 

When a promotion to the Presidency takes place, a vacancy is 
ereated for a Vice President, and in this case the (buncil holds it 
to be its duty to nominate that ordinary Member of Council 
whom it may, by ballot, determine to be the best fitted for the 
office. And when once a member has been elected Vice President, 
it is reasonable that he should continue to bo nominated for that 
office until he arrives at the C^hair. 

It follows, therefore, from this statement that the only way in 
which it would be x>os&ible to obtain a more rajiid change would be 
by the retirement of some of the fifteen “ other Members of Council.” 
The Council has earnestly considered how this could be arranged, 
;and has discussed several schemes for the purpose. 

The most obvious mode would be compulsory retirement by 
seniority of service. But this would have the manifest disadvan- 
tage that when a Member had most completely proved his efficiency 
Bnd good qualifications, he would be obliged to retire, and would 
no longer be available as a Vice President or President, although 
he might be a most suitable person for either office. It has been 
proposed that Members so retiring should be eligible for re-election 
after a short interval ; but such a provision would, to a certain 
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extent, interfere with the object said to be desired, namely the 
more frequent introduction of new Members. 

Again, it has been proposed that the j>rineiple for the retire- 
ment should be based on the comjmrativo infrequency of attend- 
ance at the Council meetings ; but this also would bo unsatisfactory, 
as often the l>est men, from unavoidable business engagements, and 
other causes beyond tlieir control, would bo lost to the body. 

For these reasons the Council docs not see its way to propose 
any change. 

In the Balloting List, Sir John Coodo, the senior Vice President, 
js nominated for I’roMdont, and the t^ouneil has selected Sir Kobert 
Rawlinson, K.C.B., to fill the vacanc 3 ^in the list of A^ice Presidents. 

From the list of ordinary Members two of the most honoured 
names are absent, those of Sir Henry Bessomor and of Sir William 
Thomson, who have found it im]X)ssil>lo to attend the mootings. 
As a testimony of rcspcc't to these gentlemen, tliey have, on the 
recommendation of the (buncil, been elected Honorary Members. 

The withdrawal of these two names leads the Council to suggest 
whether it might not bo desirable to establish a rankot “Honorary 
C’oiincillor,” to which might belong not only all Past Piesidonts, 
but also any Vice Preshlents, or other members wlio have solved 
for a certain time on the (Wncil, but who have from any cause 
ceased to belong to it. 'riiese ]»ersous might have tlie privilege 
of attending the Council meetings, thus giving the Institution the 
benefit of their advice or assistance ; they would not, however, 
belong to the C^ouncil proper, and would therefore have no vote. 
It is not improbable that the establishment of such a class might 
occasion some voluntary retirements among Members of Council, 
and might therefore produce some increase in the raiudity of 
circulation in the most unobjectionable way. 

The Balloting List contains the names of such of the present 
Members of Council as are eligible for re-election, and of twelve 
other Members of the Institution. 

The Council is of opinion that the introduction of so many 
names as nine beyond the number to be elected is not working 
satisfactorily. The result of the arrangement might he to split up 
the votes to such an extent as to cause the choice to fall upon 
persons the votes for whom do not amount in number to a majority 
of the voters present. 

The President. 

A gratifying recognition of the status of this Institution was 
received in a notification from the Prime Minister that the Queen 

p 2 
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had been pleased to confer the honour of knighthood upon the 
holder of the presidential office at the time of Her Majesty’s Jubilee. 
Answering Lord Salisbury’s intimation, Sir George Bruce acknow- 
ledged, both personally and on behalf of the Institution, his sense 
of the distinction thus conferred. 


Tiih Roll oi ihl I\sriTLTio\. 

The number of members of all classes — Students excepted — on 
the Roll of the Institution on the 31st of March last tv as 4,739, 
being 183 more tlian on the same date in the previous year, or 
an increase at the rate of 4 ])or cent 2 >er annum. The additions 
to the Roll TV ere caused by tlie election of 1 Honorary Member 
(H R.n. Prince Albert Victor of Wales), 42 Members, 245 Associate 
Members, and 12 Associates. Among the 117 names which have 
diba 2 )peared Irom the list the (’ouncil repprets to notice the loss 
by death of two Honorary Members — Rudoliih Clausius and 
Vis(*ount Eversley -and of many old and respected members of 
the Institution.’^ 


* The chauR<8 aio as undci foi the Sessions 1887-88 and 1888 89 — 
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Admission of Students. 

To the enforcemont by the Conncil of the re^ilation as to the 
admission of Students, referred to in the lieiH)rt of last year, is 
due the fact that the increase in that class was 15 only, as ufj^inst 
25 during the iirevious twelve months, the number on the iUst of 
March, 1B89, being 980. The admissions during the year num- 
bered 209, the name of 1 student was restored, while 82 were 
elected Associate Members, and 112 disappeared from the list. 
The (Council feels satisfied that, altliougli this class may not 
increase in numbers at the same rate as in i)rovioiis years, the 


The Deeeasfti have lM*en : — • 

Uowtranj MenJtpr» : — Ilu(lol|)li Julius KmamuJ Clausius; and Viscount 
KvrfsU'V, (1 C B., 1>-C li. 

Meinlters : — Frodt ric* Fobit'i* TiU Trobo Balointm; Wilson Boll; Sir (yliarlos Til- 
«ton Bri;j:ld ; John Br<n\n ; William Annita^t* Brown ; Ihmry (^irr; 

'i'honias Btissidl Cz*ainph»n ; Bichard (h'orj^c Cok(‘ ; B»)lK‘rt Dennv ; FnHlcrick 
b<*wis Dibhloc ; JaiiH'S Kaslon ; Barnard William Farcy; John Fowler; William 
FniiK'is ; Frank Ah'xaudcr Brown (icncstc ; <ir(‘ck ; Fdwin JaiiK^s (iricc ; 

Thomas lla(*k ; Arthur Samuel Hamaud; I’liomas Iliudmarsh ; Victorino AurcUo 
iiastarriu ; Fi<*d(‘rick T^(‘slic ; Hon Henry Haworth ; John McConnochic ; 

<’lmrlcs IMarkham ; Danicd IVIilIir; James IVliiir; Frederic IMurlon; William 
Farkes; Julius Pa/zuni ; lUchard Peacock, M 1’. ; tteorp* Henry Phipps; Arthur 
Fotts ; Wi'lliu^doii Purdoii ; G(M>r|rc H( nnel Bobs; Prank Salter, B.Sc., Wh. Sc. ; 
liernhard Schmidt; Fr<‘<U nc Cook Stcplaais ; I’homas Sumnau's ; Bi<*hard 
Towiitala'inl; (ifcorjjc Turnhull; and Benjamin Fr(‘dcrick Wri^ld. 

Assi)ciote McihImts : — William Batt<*n; Bauson (^»lc<*ome Baltcrheo; Ah‘\and(T 
<^uniiinff]iam Bootlihy; William Milner Crow'i* ; Jonathan Sparrow Crowh*y ; 
i’harles Dick; James dohii Ah'vander Flower; Samuel llarjmr; Cliarles 
I.i<jrimer Ihuismuu ; Charh s <*i*ort^c Klehciji;, Krnest Fretleiu* Moraut ; John 
Paj^tvu ; William Alfred Harry de Paja* ; Alfred Pliillijts; Jlohc rt JMiicliin ; 
IN ter JtolHU’ts; John Burn Anstis <lu Saiitoy ; (dairies 'J'homas Sjamcer; Juliii 
'frickidt ; Barrow Turner; (wcorpre Jlcaveh^y ’i'yinlall; tJohu Wakeford; and 
iierhert Francis Waring. 

Associai<H : — »Johu Ashworth; (^aj/faiii AuguBtus Samufd William Connor, 
B S.C. ; Georgo Hawkins; <*raham H<*wilt Hills; Sir JB^niy Arthur Hunt, 
CB ; Itenry Dee; John I’lienui I Bck* ; (ieorge Naylor Vickers; William 
Wak(‘ford; Colonel David Ward, BE.; Crq^ain Harry Borlasi* Willock, B.E. ; 
Hugh Wilson; and John Oliver York. 

The Itesifjnntions 'irerf : — 

yffonlKTs: — All>ort Chesterfield Jeiiour; and William Colton I*arker. 

Ass^tciote Mevnbers : — Edwin Clerk Allam ; William Kolx'rt Barker; Henry 
Ogle Bcdl-Irving ; John Clark; Bohert Dempster, S<*n. ; Arthur liicks ; (Charles 
Iklw'urd Mai‘kintosh ; Alfred 3rarshall, M A. ; I.eaiudr*r Munro Miller; Francis 
Pri'ston ; John Nidil Smith; and Thomas Sunderland. 

Associates : — Edwnrtl Norton Clifton; i^oloncl George Chanecdlor Collyer, 
it.E. ; Douis John Crossley ; CoUmH Frederick (h‘org(* Hankin, M-S.C. ; Colonel 
William Coles PhilI]>otts, R.E. ; William Sin-nce ; ami Samuel Deith 'J'omkius. 
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Institntion cannot l:)nt benefit ultimately by a bigber standard of 
general education in a body from wbicb it draws annually nearly 
one hundred recruits. 

The Minutes op Peoceedings. 

There have been twenty-five Ordinary Meetings, but only 
fourteen Papers baVe been read, the discussion upon a singlo 
subject having in several instances extended over a greater number 
of evenings than usual. 

The subject of the Paper read at the first meeting of the Session, 
namely, “ Friction-Brake Dynamometers,” had not been prev^usly 
brought forward for consideration by the Institution. It was foD 
lowed by a descri])tivc I’aper on “ The Witham New Outfall Channel 
and Improvement Works,” and by Papers “ On the Influence of 
Chemical Composition on the Strength of Bossemer-Steel Tires,” 
and on “ The Friction of Locomotive Slide-A^alvos.” These were 
all taken before Christinas, and with twelve Otlier Selected Papers, 
and Obituary Notices and Abstracts of l*a}>ers in Foreign Trans- 
actions and Periodicals, form vol. xcv. of the Minutes of Proceedings. 

The soc’ond A^^olume of the Session (vol. xevi., now in the press)* 
covers the ])eriod from tlie 8th of January to the 12th of February 
inclusive, during which the Pax>ers read and discu««sed were : “ The> 
Compound Principle Ai>plicd to Jjoeomotives,” which produced 
a long debate and lengthy eorre^liondenee ; a grouj) of three- 
Papers on railway steep inclines, namely, “ The Tiincheras Stecj>* 
Incline on tlio Ihierto (^abello and A’^alencia Bailway, A'enczuela,” 
the “ CV>st of Working tlie llartz Mountain Itailway,” and “Further 
Information on the AVorking of the Fell System of Traction on the 
Bhuutaka Incline, New Zealand;” and lastly, a Paper “On some 
(^anal, Biver, and other AVorksiii France, Belgium, and Germany,”' 
which had conn' under Ihe notice of the Author in the course of a 
summer tour. This \oliimo will also contain the reidy of Mr. 
Willans to the corres|X)ndenco on his Paper on “Non-Condensing 
Stoani-Fngino Trials,” read in tlie spring of last year. 

Yol. xc\ii. will include a record of the Proceedings for the 
six weeks from the 10th of February to the 2nd of April. 
The subjects then before the meetings were the very important 
ones of “ Alternate-Current Machinery,” “ Indian Bailways ; the- 
Broad and the Narrow-Gauge Systems Contrasted,” and “ The 
District Distribution of Steam in the United States.” The second 
of these Papers practically re-opened the controversy, so vigorously 
carried on sixteen years ago within the walls of the Institution, as 
to the lelative merits and defects of the broad and the narrow gauge 
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for railways, chiefly from the financial side of the question ; while 
the last showed how high-pressure steam had been introduced with 
advantage to the public for heating, cooking, and xK)wer i)urposes, 
on tap like gas or water. 

The fourth and concluding volume for the session (vol. xcviii.^ 
will embrace the period from the Otli of April to the 28th of May, 
and will include Papers on “ Armour for Ships ” and on “ The 
Treatment of Steel by Hydraulic Pressure, and the Plant employed 
for the Purpose.” The ltej>ort of the C^ouncil will terminate Part I, 
which will be followed, as usual, by a selection of Articles not 
read or discussed, Pa 2 )ers by Students, Obituary ^Notices, and 
Abstracts from i^^oreign Transactions. 

The ( ^ouncil has made the following awards for l^aj)ers read 
and discussed, further particulars of which will be found in the 
Ai)j)cndiv to tliis Kcport . — A 'J’elford Medal and Telford Premium 
to IVIr. (1. Kapp; Watt Medals and Telford Premiums to Mr. W. II. 
(ireenwood and J)r. V, E. Emery; a Ocorgo Steplnuison Medal 
and a Telford J*remium to Mr. E. Worthington; and Telford 
Premiums to Messrs. J. A. E. Aspinall and J. O. Arnold. 

Eor Pa]K*rs to bo ])rinted in the Piocecdings, witliout being 
discussed -a Watt Medal and a Telford Premium to Mr. It. Ituno- 
berg ; and Tedford Premiums to Messrs. P. Donkin, dun., Y. A. Dwcl- 
shauvers Dery, Ji. 11. Smith, Ij. E. Vernon- 1 rarcoiirt, (i. Lopes and 
Kennedy. 

Tjil Ordin vu\ 

Tlie a^erago number of ]>ersons j)r('sent at tlio Tuesday Evening 
IVlectings has l)ceu 221, of wliom 27*8 X)cr cent, were Members, 
do i)ei cent. Associate Members, 2'r) ]>er cent. Associate's, H) j)or 
cent. ►Students, and 20 *0 ]>er cent. \ isitois. Itc^ckoncnl on the 
number ot names on tlio register on the 2nd ol January, somewhat 
under 2*0 jier cent, of the (jorxK)rate IVIembers and Associates have 
been present at the Meetings <irid 4 *4 j>cr cent, of the Students. 
Compared with former years, this shows a falling-ofi in the 
attendances, not only relatively but absolutely. 

SlLDIMS MLLIINf.S AM) VlSlIS iO W^'ORKS. 

Twelve Sux>plemental Meetings for Students were held on Friday 
evenings from November to Af)ril inclusive, generally at intervals 
of a fortnight. The j>ermission granted by the Council to each 
Student to introduce a visitor of the ago of that class haw been 
taken advantage of to a limited extent. The attendance of Students 
at these meetings has slightly exceeded 4 * 8 per cent, of the class ; 
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and there has been an improvement, both in numbers and in the 
vigour with which the discussions have been carried on. 

Of thirteen Papers which were read and discussed it has been 
determined to print four, containing the results of experiments or 
of original investigations of interest, namely, “ Exj^eriments on 
Beams/' byE. C. de Segundo; The Cyclical A^elocity-Fluctuations 
of Steam- and other Engines,’’ by H. B. Ransom ; “ ^Vater Softening 
and Filtering Apparatus at the Taff Vale Railway Company’s 
Penartii Dock Station, near Cardiff,” by W. W. F. Pullen, Wh.Sc. ; 
and “ Flexible Wheel-bases of Railway Rolling-Stock,” by J. E. 
Twinberrow. 

The Miller Scholarship, 1888-80, has been assigned to the Author 
of the first- mentioned of these Pajiers, and Miller Prizes will bo 
given for the remaii\ing l^a 2 )ers. In addition, four others have 
T>oon considered wortliy of recognition, and the Council has accord- 
ingly granted Miller J’rizes for the following communications: — 
“Electrical Measuring Instruments,” l)y S. Joyce; “Moulding and 
feasting (Cylinders for Marine Engines,” by R. J. Durlcy, B.Sc. ; 
“The 20-kuot Spanisli Tor])edo-Boat, ‘Arh'de,’” by J. King- 
Sal tor ; and ]’hotogi*ai)hy for Engineers,” by C. 3J. dale and 
V. W, Delves- Broughton. 

The visits by tlie Students during tlie 2 )ast Session included 
the establishment of ]Vlr. P. Brotherliood, Jjam])oth ; tlie Xew 
Itesorvoir of tlio (Jrand Juiudion Watcrwoiks (^o. at Hanger 
Hill, Ealing ; the steamship “Orizaba,” belonging to the Orient 
Steam Navigation (\)., at Tilbury Docks; the Ijoconiotive, Carriage, 
and Wagon Works of tlie North London Railuay, Bow Road; 
tliC works of the Seiies Electrical Traction Syndicate at Northfleet ; 
the railway-signal uorks of Messrs. Saxby and Farmer at Kilburn ; 
the works of Messrs. Siemens, (^harlton ; the Woolwich ferry; the 
marine-engine works of Messrs. Huin]>lirys, Tennant & Co., Dc])t- 
iord ; the works of Messrs, Br^’un Donkin A Co., Bermondsey; and 
the Royal Mint. 

CiiAMmoN Ihazc. 

Intimation was received from the executors of the late Mr. 
Thomas ILissell Crampton of a bequest of £oOO in trust, in terms 
of the following extract from the will of the deceased: — 

“I bequeath the sum of Five Hundred Pounds to the Institute 
of Civil Engineers ui>on Trust that the Council of the Institute 
shall found a prize to lx? called the * Crampton Prize ’ so that the 
Interest of the said Legacy shall T>e annually exi>ended on a medal 
or books or otherwise as the Institute shall think fit for presents- 
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tion to the Author of the best paper on ‘The Construction 
Ventilation and Working of Tunnels of Considerable l^ength’ and 
in case in any year no Paper received by the Institute shall be 
deemed worthy to be adjudicated the annual prize then the 
Institute shall for that year allot the prize ])y way of reward for a 
paper on any other subject that they may select.” 

The Council has, on behalf of the Institution, accepted this 
trust, which is welcome, as tending to perpetuate the memory 
of a member whose ingenuity gained him gpreat eminence us an 
engineer, and whose kindness of heart endeared him to a large 
circle of friends. 


Fivanci:. 

The Abstracts of licceipts and Ex}>ondituro, signed by the 
Auditors and aj^poudcd to this Itoj)ort, calls for very little comment. 
The gross receijots for the year amounted to IHw. 4d. as 

against £20,752 18/?. 5/7. for the previous twelve months. Under 
the three main heads on this side of the account, the amounts 
received during the year ending the 21st of IVIarcb, 1880, were as 
follow; — Income, €17,400 12/?. 2/7. of which €11,575 12/?. (>/7. 
rejiresentcd subscriptions, €1,722 14/?. dividends, and €702 15/?. 
rents from No. 20, Great George Street; (^aj)ital, €2,840 18 h. ; and 
Trust Funds, €522 7/?. J/7. It may be mentioned that the legacy 
becpieathed by the late Sir Joseph Whitworth, viz., eighty shares 
of £25 each in tlie firm of Sir »F(^seph Whitwortli ^ (^o., or 
nominally €2,000, was, on the constitution of that firm as a limited 
liability (‘onijiany last year, converted into four hundred €10 shares 
and €1,400 5 per cent. Debenture Stock, or nominally €5,400. It 
will 1)0 noticed also in connection with tlio in vestments, both 
on Institution and Trust Funds accounts, that the am/>unts 
formerly standing in New Threes, (^onsols, and Kcduced Throes, 
are now — in accordance with the conversion scheme of the Chan- 
cellor of the Fxchequer — rcx>rescnted by e/piivalciit sums in 2'J per 
cent. Stock. 

The total exj/enditure for the year amounted to €18,220 Gs, 4/i. 
as against €20,000 10/?. G/7. for the previous twelve months. In 
explanation of this apparent decrease, it should 1)6 stated that 
while in the previous year stock was purchased on capital account 
to the nominal value of €5,000, in the year 1888—80 the capital 
investment was nominally only €2,000, a like sum being place/l 
on dejx)sit, as will be seen on reference to the balance shown on 
the 21st of March last. Under the three main heads of General 
Expenditure, or Income, Cajutal, and Trust Funds, the payments for 
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the year were respectively £13,972 Ss. Od., £3,901 9^. 3eZ. (invested 
in Great Eastern Eailway 4 per cent, debenture stock), and 
£352 8s. 4d. Some small receipts and payments will be noticed 
under the head of Capital Extraordinary, an explanation of which 
account was given in the Report of last year. 

Turning to the Summarj’* of Investments, the accuracy of 
which is duly vouched for by the Auditors, it is satisfactory to find 
that the total is now £98,042 13«. lOd., or £6,400 more than at the 
same date last year. Of this, £3,400 is the nominal gain on the 
conversion of the Whitwortli Legacy, while the remaining £3,000 
represents the investment on capital account made during the 
year, both of which transactions have already been referred to. 

AssLssMLNr or Local Rvils. 

The assessment of the property of the Institution, Nos. 24, 25,. 
and 26, Great George Street, being in the opinion of the Council toe 
high (cs 2 )eeially in respect of the first-named house, rated at £834 
per annum), tlie Solicitor vas instructed to aseeitain if tliere were 
reasonable grounds for believing that a reduction could be 2 )rocurod. 
It having been advised, however, that the best course would be to 
wait for the next qujiiqnennial valuation, wlien the Institution 
would have good ground for seeking to get the assessment reduced, 
the Cbuncil decided to go no further with the matter at 2 )reseut. 

Wi^rMLNsii H (Pmiltwfm SiuLi r, dc.) Tmpkommim Act. 

An applic'atiou wasiecei^ed fiom the j)romoters, asking that the 
time for the payment ot the E10,()0<> deposit under Cdaiiso 26 ot the 
al)ovo Act, should he extendcMl lor six months liom the 23id of 
Se 2 >toinbei 1888. 'liie c)])inioii of the legal adviser^, acting in your 
bc^half, being that tlie Institution c'ould waive their strict rights, 
in the jiarticular suggested, without ])rejudicing their position 
under the Act in other res 2 )ects, the aiijdication was comjdied w itiu 
A subsequent aiqilicatiou from the same ^ further 

extension of three months was also gi anted on similar conditions. 

Minai 8l sponsion I?riim,p.. 

It recently came to the knowledge of the (^ouncil that the 
structure of the Menai Suspension Bridge did not leeord the name 
of the Engineer, Thomas Telford, first Ihresident of the Institution. 
Thereupon a rejiresentation was made to Her Majesty’s Office of 
Works, suggesting the desirability of this information being 
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suitably inscribed on one of the piers of the bridge. The Council 
has much gratification in announcing that an oiSicial communication 
has been received from the Office of Works, thanking the Institution 
for the suggestion, and undertaking to carry it out. 

Pictures. 

In connection with the Petrospcctivo Exhibition of moans of 
Transport, forming part of the Paris Exhibition, the Council was 
requested to lend some of the historical paintings from the col- 
lection of the Institution. A selection of j)ortraits of some of thc> 
most eminent Past Presidents, and others connected with tlie rail- 
way-system, having been api)roved, arrangements were made for 
its transmission to Paris. At the last moment, however, intimation 
was received that the wall-sj)aeo at tlio disjmsal of the Pritish 
(^ommittce was insufiicient, and that the ])roj)oscd exhibit could 
not be made. As the negotiations resulted in the acquirement of 
some j)articulars in connection witli these works of art, which liavo 
never yet been jointed in a collected form, it has Ix'cu tliought 
advisable to give, in the Appendix to this Jte])ort, a comphdo list 
of the oil-paintings in the ]K)ssession of the Institution with the 
names of the artists. 

Tlie (Wncil anticiimtes an unusually interesting year for it^ 
successors, not only on account of tlie XTogress being made with 
juiblic works in the Pritisii Em]»irc, but from the rcmarkablo 
character of the Exhibition wliicli has been o]>eTiod iinder the 
auspices of the French (jjovernmout. imj)ortant mechanical 

contents and tlio iuq^osiiig structures of this monumental under 
taking cannot fail to attract all wlio are interested in engineering 
progress; while the \isit to France of many American Engineorti 
('who have promised to accej)t on tlicir way tlio liosiiitality of 
their professional brethren here) will add to the general interest of 
the season. The establislinumt, in connection with the Exliibition, 
of a series of congresses on scientific subjects is a lia]»])y feature,, 
likely to be jiroductivo of much good by bringing together the 
greatest intellects of difteront nations, and by dovelojiing new 
and valuable views on the subjects treated of. 'J'he (‘ouncil is 
pleased to learn that many of the leading Englisli inembors of the 
engineering profession have been invited to take special part in 
these meetings, and is sure that The institution of (fivil Engineers 
will meet there with due recognition. 


[Abstract of Receiits and Expenditure. 
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ABSTRACT of RECEIPTS and EXPENDITURE 


RECEIPTS 


J>7 


To Balance, Mai eh 'list 1888 mt - 
CaHh in the hands ot 1 rc usui< i 
„ n Sccictarj 


— Snhs< iiptions — 
Aiic fiis 
< ninnt 
Ad\ incf 


Income 
£ 8 
474 12 
13 ) 15 

18> 5 


— Library 1 iind 

— Mmwks of I’lfKjf cdiii^h — R( \ 

payment foi Jhiidiiifi: < 

— riibli ution I^uiid 

— 1)i\id(nds 15 moidlis on 

1 litxiituUon In\c»impnfh 


0 

000 

2f p( 1 (1 lit Sil 1 k 

21 ) 

0 

0 



1 year ( n 




i 

000 

M( tro]»olitan Bond c fl 

201 

10 

b 



AVojks Stiik f 


3 

000 

Ok at N< itlii in Railway \ 

1J(> 

17 

(f 



1 / D 1 1 nt IK St ck j 



I 

000 

(*i< it < bt< in Ditto 

110 

J7 

(> 

i 

000 

Jam and \oikb Ditto 

no 

17 

u 

s 

,000 

T ondon A N AV Ditto 

in 

J { 

1 

1 

000 

Midland Ditt > 

no 

17 

(> 

1 

000 

N« itli Labti 111 Ditto 

n(> 

17 

<> 


000 

I oial IK minal i r t ii ^ ilin 





Ditb 


0 ni( nibs < n 

II / tfudlh J tqat If 


t2 000 1 ifThb £25 shni( H m *^ 11 1 
J V C o , I t / 


Con tn till info — 

1,400 5 IH 1 1 lit nil Stock, Do 
Inti inn i n 

4 000 1 I nrlmnduil £10 bluiif s\ 
Ditto j 

Xo 100 


2 )0 0 0 

>1 2 b 

120 0 0 


1,924 15 1 

2) 15 5 


(1 

0 

h 

0 


14,575 12 
131 7 

2o6 12 
1 1 


1 950 10 G 


1,313 11 6 


401 2 0 


— Rents, No 2t» (^riat (»ioi^c Stiect 

— Inteicst on Depobit 


C ITAI 


Admission Fe < a 
Lite -C oinix)8it ions 


70 5 1 5 0 

8 11 b 


17,400 13 3 


3 0S5 19 0 

754 19 0 

3,840 18 0 


Carried forward 


£23,192 1 9 
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from the 1st APRIL, 1888, to the 31st MARCH, 1889. 

EXPENDITURE. 

General. Expenditure 


House and Establishment Charges : — 
Repairs : — No. 25 Gt George St. 

£ 

s. 

d. 

112 

12 

8 

No. 26 Gt. George St. 

54 

7 

1 

Rates and Taxes * — 




No. 24 Gt. George St. 

273 

8 

9 

No. 25 Gt. George St. 

408 

5 

5 

No. 26 Gt. George St. 

173 

0 

5 

Insurance : — No. 2 1 Gt. George St. 

13 

14 

6 

No. 2.5 Gt. George St. 

:i8 

17 

6 

No. 26 Gt. George St 

4 

10 

0 

Kent of Telei>houo 

• • 



Fixtures and Furniture .... 
Lighting and Warming : — 

* 

* 

• 

No. 24 Gt. George St 

12 

5 

4 

No. 25 Gt. Gt'orge* St 

157 

4 

5 

No. 26 Gt, George St 

13 

It 

1 


Refr<‘slimenis at Meetings 
Assistanee at Mootings . 
Students Meetings . 
Household Exi)ensos . 


Postages, Telegrams, and Parcels 
Stationery and Printing . 

Watt Medals 

(reorgo Stephenson Medal 

Diplomas 

Annual Dinner (balance 1888) . 


Salark‘s 

( lerks, Messemgers, and IlousekeeiM r . 
Donation to late Housekeeper .... 
Donation to late Messenger 


Library ; — Books 

Periodicals 

Binding 

Publications : — 

“ Minutes of Proceedings,” Vols. xcii., xciii ,xciv.l 

and . . / 

Charter, By-Laws, and Lists of MemlK*r8 


Architects Registration Bill . 
Legal Expenses : — 

General 

Corporation Duty . 


£ 


d 

166 

19 

9 

854 

14 

7 

57 

2 

0 

2.3 

l.t 

0 

196 

8 

8 

183 

.3 

10 

58 

19 

5 

.33 

It 

0 

23 

It; 

8 

184 

7 

8 

260 

6 

9 

527 

14 

t; 

7 

2 

6 

2 

7 

6 

47 

11 

6 

77 

13 

6 

,100 

0 

0 

790 

0 

0 

30 

0 

0 

52 

0 

0 

302 

12 

.3 

46 

1 

11 

204 

5 

10 

,238 

1 

8 

85 

9 

9 

35 

12 

0 

300 

0 

0 


1,782 19 T 


922 IG 3 


2,972 0 0 


553 0 9 


7,323 11 5 
82 9 0 


Capital. 

Purchase of £3,000 G. E. Ry. 4 % Debenture Stock . 

Carried forward 


£13,972 8 
3,901 9 

. £17,873 18 0 



BEPOBT OF THE COITNCIIi. Pffintrte* Of 

ABSTEACT of BECEIPTS and EXPENDITUEE 

KECEIPTS — continued. 


Broug-ht for^’arcl . 
TursT-FrNDS. 


Telford Fund. 
To Dividends : — 1 year on 
£. ft. d. 

5,425 11 9 2?% Stock (paid as 3%) 

Bonus on Conversion, 

: 15 months on 

3,290 13 0 DiUo (Uiiexpondedl 
Dividends). . ./ 

Bonus on Conversion . 


1.58 10 8 

13 11 3 


£. 8. d. 

23,192 1 9 


£. 8 . €l. 


300 8 11 


Mo nhy Don a tlon . 

: 1 year on 

250 0 0 Creat Eastern By. 4 

Deiienture Stock 

Miller Fund, 

: 15 niontlis on 

3,125 0 0 2^%Stoek(pai(la8 3”;) 1 

1,999 14 7 Ditto (Un<*x])endedt , 

Dividemls) . .j 
B<'uus on CVnnersion. 


114 1 5 

72 19 4 
5 0 0 


192 0 9 


5,124 II 7 

Jfiurard Deinnet 
551 i t 0 2f Sto<*k (paid as 3^^) . 


( 'Arn'AL BKCEirrs — E xtraordinaiiy. 
To Balance from Yearly Jh^ceijits, \iz. : — . 

— Bent of Stables in Tiifton Street (one <|uarter) . 


Summary of I\vFSTMr.VT.«i. 

£. 8. d. £. 8 d 

IjJSTlTUTION InVKS'I’MENTS .... 38,000 0 0 

FiiKEiioi.ns or Nos. 24, 25 2G Great Geouoe'i,^ ...w. ^ « 

Rtrkkt J40,000 0 0 

Whitworth Leoac-t; — 400 Shakes’ op £10, anh) 

£1,400 5 Deiiknturk Stouk IN THE FIRM OF Sir > 5,400 0 0 

Joseph AVihtmouth ano Co., TJ ) 

Trust-Funiis Investments : — 

Tidfonl Fund 8,710 4 9 

Manby Donation 2.50 0 0 

Miller Fund 5,124 14 7 

Howarvl Bciiuest 551 14 0 

14,042 13 10 


522 

7 

1 

£23,714 

8 

10 

177 

14 

0 

10 

15 

0 

£194 

9 

0 


£98,042 13 10 
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FjrooeediilgB.3 REPORT OF THE OOI7KOIL. 

from the 1st APRIL, 1888, to the 31st MARCH, 1889. 

EX PENDITURE — contimtcd , 


Cr. £. s (f. 

Broiijjrht forward 17,873 18 0 


Tut ST FrNDS. 

Bv Tt Iford PrcmiunjB 185 13 8 

—I Telford Medals S> 0 0 

11)1 13 8 

— >raiil>y Preiuium 120 0 0 

— Miller Sdiolurshq) 40 0 0 

— Miller I'rizes 07 1 4 8 

ir,7 11 8 

352 8 4 

18,220 0 4 

— Balance, March 31st, 1880 . — 

On doi) 08 it 3 , 000 0 0 

Cash in the hands of 11 u‘ Treasurer . . . 2,205 13 10 

„ „ Seerelai}" . . . It 11 8 

5,310 8 G 

23,530 14 10 

- — Transferied to Credit of Capital Receipts — Extraordinarx . . 177 14 0 

a:23,714 8 10 

( ’API I A I. E\PrM»ITl 1«: — EXTllAOnDlNAUY. 


— Siirve} or’s (Jharges . — 

re No 20 Oreat 0(*org(‘ Street 31 10 0 

— Stahles in Tuflon Stn-et : — 

Rent 120 0 0 

"Wafer Rate 218 

Ih'iuiirs 33 10 4 

CumujisBion on liOtting, A.e 7 7 0 

1G2 10 0 


£104 0 0 


Examined w ith the Books and found correct. 


(Signed) 

d'AMES FORREST, Secretary, 

13 April, 1889, 


ROB. W. GRAHAM, 
A. McKERROW, 


j 


Auditors 
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PREMIUMS A.WARDED. 


[Hinutes of 


TREMIUMS AWARDED. 

Session 1888-89.- 

The Council of The Institution of Civil Engineers has awarded 
the following Premiums : — 

For Papers Read and Discussed at the Ordinary Meetings. 

1. A Telford Medal and a Telford PT-cmium to Gisbert Kapp,' 

Assoc. M. Inst. C.E., for liib J’aper on “ Alternate-Current 
Machinery.” 

2. A Watt Medal and a Telford Premium to William Henrj^ 

Greenwood, M. Inst. (\E., lor his Paper on “ The Treat- 
ment of Steel by Hydraulic IVessure, and the Plant 
employed for the pur]K)se.” 

3. A George Steidienson Medal and a Telford Premium to Edgar 

Worthington, R.Sc*., Absoc. M. Inst. C.E., for his Pajicr on 
“ The ('’oinpound Princiide applied to Locomotives.” 

4. A Watt Modal and a Telford Premium to Charles Edward 

Emery, Ph.D., M. Inst. C’.E., for his Paper on “ The District 
Distribution of Steam in the United States.” 

5. A Telford Premium to John Audley Frederick Aspinall, 

]Vr. Inst. (\E., for his Paper on “ The Friction of Locomotive 
Slido-Vulveb,” 

C. A Telford Premium to John Oliver Arnold, F.C.S., for hi«i 
Paper on “ Tlje Influence of (^lieniical Composition on tlie 
Strength of Bessemer-Steel Tires.” 

For I'aplrs Primed in iue I^rockedings wiiiiour rung Disclssed, 

1. A Watt Medal and a Telford Premium to Robert Runeberg,. 

Assoc. M. Inst. C.E., for his description of “ Steameis for 
Winter Navigation and Ice-breaking.” 

2. A Telford l^remium to Brj’-an Donkin, jun., M. Inst. C.E., for 

his account of “ Experiments with Gas-flame Jackets.” 

3. A Telford I^remium to Professor A^ictor Auguste Ernest 

Dwelshauvers Dery,^ for his “ Reduction of Experiments on 
the Effect of Suj;>er-heating, Steam-jacketing, and Gas-flame 
Jackets on Cylinder Condensation.” 

* Has previously received a Telford Medal and a Telford Premium. 

* Has previously received a Watt Medal and a Telford Premium. 
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4. A Telford Premium to Robert Henry Smith, Asgoc. M. Inst. 

C.E., for his Paper on “ Stress Diagrams of Solid Structures.** 

5. A Telford rremium to Leveson Francis Vornon-Harcourt/ 

M.A., ]M. Inst. C.E., for his Paper on “ Al}>ino Engineering.** 

6. A Telford Premium to George Lopes, B.A., Assoc. M. Inst. 

C*.E., for his Account of “ The Reparation of Botch worth 
Tunnel, Dorking, on the London, Brighton and South 
Coast Railway.’* 

7. A Telford Premium to Neil Kennedy, M. Inst. C.E., for his 

Paper on “ The Tacheometor and its Uses.** 

For Paplrs read at the Supplemental Meetings of Students. 

1. The Miller Scholarship to Edward Carstensen do Sogundo,® 

Stud. Inst. C.E., for his account of Exj>eriments on the 
Strain in the Outer Laj’^ors of Cast-Iron and Stool Beams.** 

2. A Miller Prize to Henry Byrom Ransom, Stud. Inst. C.E., for 

his Paper on “The Cyclical Velocity- Variations of Steam- 
and other Engin'es.” 

3. A Miller Prize to William Wade Fitzherhort Pullen, Wh.Sc., 

Stud. Inst. C.E., for his account of “ Water-Softening and 
Filtering Apparatus, for Locomotive Purposes, at the Ponarth 
Dock Station near (^ardit!*, of the Tatf Vale Railway Company.** 

4. A Miller Prize to tJamos Denis Twinberrow, Stud. Inst. <3.K., 

for his Pai>or on “Flexible Wheel-bases of Railway Rolling- 
Stock.” 

5. A Miller Prize to Samuel Joyce, Jun., Stud, Inst. C.E., for 

his Paper on “Electrical-Measuring Instruments; their 
Proj)crties and Calibration.” 

6. A Miller Prize to Richard John Durley, B.Sc., Stud. Inst. C.E., 

for his Paper on “Moulding and Casting C’ylinders for 
Marine Engines.” 

7. A Miller Prize to Julian James King-Saltcr, Stud. Inst. C.E., 

for his descrix)tion of “ The 2G-knot S2>ani'5h Torpedo-Boat 
‘ Ariete.’ ** 

8. Miller Prizes to Charles Henry Gale, Stud. Inst. C.E., and 

Vernon Warburton Delves-Broughton, Stud. Inst. C.E., for 
their joint Pai)er on “ Photograi)hy for Engineers.** 

It has been determined to print the first four Students’ Papers, 
either in whole or in jiart, in the Minutes of Proceedings. 


' Ilae proviouEily received a Telford Medal and Telford and Manby Premiums. 
* Has proMoubly received a Miller l^rizo. 

[the IN&T. C.E. VOL. XCVllI.] Q 
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SUBJECTS FOB PAPEBS. 


[Minutes of 


SUBJECTS FOR PAPERS. 

Session 1889-90. 


The Council of The Institution of Civil Engineers invites Original 
Communications on the Subjects included in the following 
List, as well as on any other questions of professional interest. 
This list is to bo taken merely as suggestive, and not in any 
sense as exhaustive. For ax>provod Pajjers the CV)uncil has 
the power to award Premiums, arising out of Special Funds 
be(pieathod for the purpose, the j>articulars of whi<‘h are as 
under ; — 

1. The Tllioui) Fuxn, left “in trust, the Interest to bo ex~ 
]>endod in Annual Premiuius, under the direction of the (^ouncil.*’ 
This be(piost (with accumulations of dividends j x)roduces £290 
annually. 

2. The IM VNDY Donation, of the value of about £10 a year, given 
“ to form a Fund for an Annual l^remium or Premiums for Paj)ers 
road at the meetings.’* 

3. The Milllk Fund, bequeathed by the testator “ for the 
purpose of forming a Fund for ])roviding Premiums or Prizes for 
the Students of the said Institution, ux>on tlie jjrincixde of the 
* Telford Fund,’ ” This Fund (with accumulations of dividends^ 
realises £150 i)er annum. Out of this Fund the (^oiincil has 
established a Scholarshix>, — called “ The Miller Scholarshixi of The 
Institution of Civil Engineers,” — and is X)re 2 )ared to award one 
such 8cholarshii\ not exceeding £40 in value, each year, and 
tenable for three years. 

4. The Howard Bequest, directed by the testator to bo applied 
“ for the juirpose of presenting periodically alVi/e or Medal to the 
author of a treatise on any of the Uses or l*ro|)ertjes of Iron or 
to the inventor of bomo new and valuable x>roc*ess relating thereto, 
such author or inventor being a Member, Graduate, or Asbociato 
of the said Institution.” The annual income amounts to nearly 
£16, It has been arranged to award this prize every fivc)years, 
commencing from 1877. The next award will therefore be made in 
1892. 
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The Council will not make any award unless a communication 
of ade(iuato merit is received, but will g^ive more than one 
Premium if there are several deserving in#^moirs on the same 
subject. In the adjudication of the Premiums no distinction 
will bo made between essays received from members of the 
Institution or strangers, whether Natives or Foreigners, except 
in the cases of the Miller and the Howard bequests, which are 
limited by the donors. 


List. 

1. Tlie Utilization of Unused Sources of Power in Nature —such 

as the Tides, the Radiant Heat of tlie Sun, A"c. 

2. Standard S})ocitications for the Materials used in the (km- 

struct ion of Kiigincoring Works. 

3. The influence of Sea-Water u 2 )on I\)rtlaud-CVment JMortar 

and Concrete. 

4. On Foundations of great depth, illustrated by exam])les. 

o. Recent Imijrovemcnts in Tunnelling and deep SJiaft -sink Lug. 

0. The Construction, Ventilation, and Working, of Railway 
Tunnels of great length. 

7. DeHcriptioii of any now or j>eculiar ty2>o of Mountain Railway 

for very steep gradients. 

8. Recent Improvements in (\ible and Fleeirical Tramways. 

0. The Value, Avith respect to the safety and durability of M<dallie 
Rridges, of (a) increase in the weight of the structure, by 
the choice of other than the light('st design; CO bicreaso 
in the dead load, by the ado])tion of a heavy deseri])tion of 
flooring, with or without the addition of concrete or ballast. 

10. The (^auses of the Formation of Pars umlcr water and the 

means for removing them. 

11. Recent examjdes of Hydraulic-Lift < 1 ravin g-Hoeks. 

12. The Laying-out and Ikjuipment of River- Ports su(‘h as Frank- 

fort-on-Main, with reference to im 2 )rovcd methods of traiis- 
shi 2 >l)ing merchandise. 

13. Forms and Construction of Masonry Dams for Reservoirs. 

14. The Cleaning and J)eei)eTiing of Drainage- and Irrigatioii- 

(Onals by mechanical means. 

13. On Water Meters and the Sale of Water by Measure. 

1 0. Descri 2 »tions of Mining-Machinery of improved design. 

17. Gold-quartz Reduction and Amalgamation — dcseri})tion of the 

A’arioiis machines, and of their method of working. 

18. The Value of Laboratory Tests as couq^ared with subsequent 

2>ractical results. 

Q 2 
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19. The Working-Strength of Iron and Steel as affected by (a) the 

amplitude ; (b) the frequency ; and (c) the time-rate of 
the stress-variations. 

20. The effect upon Basic Steel of (a) Chromium ; (5) Aluminium ; 

and (r) Tungsten. 

21. The Properties of Bronzes and other Alloys. 

22. The Corrosion of Metal Structures, and the best means of 

preserving them. 

23. The Effect of Wind upon Structures, as influenced by (a) their 

suj^erficial area ; (6) the form or position of the exposed 
surfaces ; (c) the shelter of adjacent bodies ; and (d) the 
dynamic action of sudden gusts. 

24 The Construction of the Working-Parts of Steam-Engines, 
in relation to the high pressures and temperatures now 
becoming general. 

25. Kcsults of the extended use of Steam at High Pressures at Sea. 
2C. The various systems of Forced Draught in Boilers, with the 
economical results obtained. 

27. The most recent types of (a) Mail-Steamers ; (6) Cargo- 

Steamers ; and (r) War-Ships. 

28. The Distribution of Armour and of Armament in Battle Ships. 

29. Tlio Apj)lication of Steel Castings and of Steel Forgings to 

Ordnance Construction. 

30. On modern experience in Screw Propulsion, comprising the 

com})urativo efliciency of propellers of large diameter, and of 
smaller ones deeply immersed, and of the influence of form. 

31. On the lligliest Speeds attained and attainable on Bail ways, 

having referonco to gradients, curves, and the locomotives 
employed. 

32. IMcchaiiical Traction on Common Koads. 

33. The l^etroleum-Engine and its Applications. 

34. The Distribution of Power by Compressed Air or by Vacuum, 

and the ('’on&truction of Machines to be worked by Com- 
l>ressed Air or by A’^acuuin. 

35. Ilj'draulic Pumps for Working at High Pressures. 

36. The means of governing and economizing high-pressure fluid 

in Hydraulic Cranes, Engines, etc. 

37. The Design, Construction, and Capacity of Fans, with experi- 

mental results. 

38. The Construction and "Working of Windmills suitable for 

raising Water for the supply of Villages and isolated houses. 

39. The best Combined System of Warming, Ventilating, and 

Lighting large buildings. 
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40. The Utilization of Natural Oils for the Manufacture of Illumi- 

nating Gras. 

41. The Plant used in the execution of large Engineering 

Structures. 

42. Tools used in the building of Iron and Stool Ships, and in the 

Construction of Boilers. 

43. Liquid Fuel Motors. 

44. Electric Motors for recording the Consumption of Electrical 

Energy. 

45. The Construction and Maintenance of Secondary Batteries. 

4C. The api>lication of Electricity to the Working of Cranes, 

Pumps, Tools, etc. 

47. The application of Electricity to Smelting and Metallurgical 

Operations. 

48. The application of Electricity to the Purification of Water and 

of Sewage. 

49. The Purification of Copper, and the Pcduction of Copper Ores 

by Electrolytic processes. 

50. Contributions to the Bibliograj)hy of special branches of 

Engineering. 


Instructions for Preparing Communications. 

In writing these Essays the use of the first person should bo 
avoided. They should bo legibly transcribed on foolscap pai)or, 
on one side only, leaving a margin on the left side, in order that 
the sheets may bo bound. Every Paper must bo pretaced by an 
Abstract of its contents not exceeding 1,500 words in length. 

Illustrations, when necessary, should be drawn on tracing-paper, 
to as small a scale as is consistent with distinctness, but in no 
case should any Figure exceed inches in height. When an 
illustrated communication is accepted for reading, a series of 
Iliagrams will be required sufficiently large and boldly coloured 
to be clearly visible at a distance of CO feet. These diagrams 
will be returned. 

Papers which have been read at the IMeetings of other Societies, 
or have been jmblished, cannot bo read at a Meeting of the Insti- 
tution, nor be admitted in competition for the Premiums. 

The Communications must bo forwarded to the Secretary of the 
Institution, from whom any further information may be obtained. 
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[Minutes of 


There is no specified date for the delivery of MSS., as when a 
Paper is not in time for one session it is dealt with in the 
succeeding one. 

William Pole, Honorary Secretary. 
James Forrest, Secretary. 

The Institution of Civil Engineers, 

25, Great George Street^ Westminster^ S.W. 

Septemher^ 1889. 


Exceri*t By-Laws, Section XV., Clause 3. 

“ Every I\apor, Maj), Plan, Drawing, or Model, presented to the 
Institution, shall ho considered the property thereof, unless there 
shall liave been some previous arrangement to the contrary, and 
the C^ouncil may publish the same in any way and at any time 
they may think proper. But should the Council refuse or delay 
the juiblication of such Paper beyond a reasonable time, the Author 
thereof shall have a right to copy the same, and to publish it as 
he may think fit, having previously given notice, in writing, to 
the Secretary ot his intention. Except as hereintofore provided, 
no person shall publish, or give his consent for the publication of 
any <*ommunication presented and belonging to the Institution, 
without the i^revious consent of the Council.” 


XoncF. 

It has frequently occurred that in Papers which have been con- 
sidered deserving of being road and published, and have even 
had Piomiums awarded to them, the Authors have advanced 
somewhat doubtful theories, or ha\o arrived at conclusions 
at variance Avith received opinions. The Council would there- 
h)ro emphatically repeat, that tho Institution as a body must 
not bo considered responsible for the facts and oj^inions ad- 
vanced in the Papers or in the consequent Discussions ; and 
it must be understood, that such Papers may have IVledals and 
Premiums awarded to them, on account of tho Science, Talent, 
or Industry’' displayed in tho consideration of the subject, and 
for the good which may be expected to result from the inquiry ; 
but that such notice, or award, must not be regarded as an 
expression of opinion, on tho part of the Institution, of the 
correctness of any of the views entertained by the Authors of 
the Papers. 
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OEIGINAL COMMUNICATIONS. 

RECEIVED BETWEEN APRIL 1, 1888, AND MARCH 31, 1889. 

AUTHORS. 

Alley, S. No. 2,394. — Tests of a Westingliouse Engine. (Vol. xcvi,, 
p. 295.) 

Bfirnal)^^ Sir N. No. 2,399. Armour for Ships. With G Tracings. 
(An<e, p. 1.) 

Barron, J. No. 2,393. — Some Eecently-constructod Piers and 
Harbours on the North and West Coasts of Scotland. 
With 5 Drawings. 

Barry, P. No. 2,384. — On the Deeji-water Quays Constructed in 
the Port at Cork. With 3 Drawings. 

Batordon, J. II. No. 2,335. — (Were to Craving Dock at Blyth. 
With a Sheet of Tracings. 

Bruce, A. F. No. 2,342. — Water-Supply of some Italian Towns. 
With a Tracing. 

eWey, A. E. No. 2,385. — The Insi)cction of Portland Cement for 
Public Works. With G Appendixes and 2 Figs. 

Carruthers, J. No. 2,375. — The ''rrinchcras Stoop Incline on the 
Puerto Cabello and Valencia Railway, Venezuela. 
(Vol. xcvi., p. 120.) 

Chatham, W. No. 2,374. — The Improvement of the River Avon 
below Bristol. With 3 Tracings. {Post^ p. 280.) 

Orawfurd, J. B. No. 2,349. — Note on the Sinkago of Embank- 
ments on Soft Alluvial Ground. With 1 Drawing. 

Crimp, W. S. No. 2,395. — Experiments on the Movements of 
Sewer-Air at Wimbledon, 1888. (Vol. xeviL, p. 383.) 

Cruttwell, G. E. W. No. 2,401. — The New Bridge of the London, 
Chatham and Dover Railway over the Thames at Black- 
friars. With 9 Sheets of Illustrations. 

Donkin, B., junior. No. 2,403. — Experiments on a Steam-Engine, 
the Cylinder of which was heated externally by Gas- 
Rames. (^Posf, p. 250.) 

Duckham, F. E. No. 2,365. — ^Underpinning Great Yarmouth 
Town Mall. With a Tracing. 



232 


OBI0INAL COMMUNICATIONS. 


[Minutes of 


AUTHORS. 

Dwelshauvors Dery, Professor V. A. E. No. 2,403a. — Investigation 
of the Heat-Exi)enditure in Steam-Engines, especially 
with reference to Methods of Diminishing Cylinder- 
Condensation. With a Table and 2 Tracings. (Posty 
p. 254.) 

Fletcher, J. W. No. 2,34G. — On Balancing or Overcoming the 
Effects of Foreign Currents on Telegraph-Circuits. With 
a Specimen, 2 Sheets of Tables, 1 Tracing and 22 Maps. 
(Vol. xciv., p. 259.) 

Fowler, A. F. No. 2,387. — ^Nabiirn New Lock. 

Gardiner, J. No. 2,35 G. — A Now Method of Determining Latitude 
for Geodetic Purposes, &c. 

Gloyne, R. M. No. 2,3G0. — Multipliers and Curves for Ascertaining 
the Discharge, <fec., at Various Depths in the Same Sewer. 
(Vol. xcvi., 268.) 

Greenwood, W. 11. No. 2,402. — The Treatment of Steel by 
Hydraulic Pressure, and the Plant Employed for the 
Purpose. With an Abstract and 18 Illustrations. 
(Anie^ p. 83.) 

Hart, C. F. No. 2,397. — Somerset Coal Canal. 

Hart, J. W. No. 2,386. — Shanghai Waterworks. With 6 Drawings 
and 5 Photograplis, also an Album of Views. 

Haswell, C. II. No. 2,382. — Design of a Double Arch for Floors 
and Roofs of Subways. With a Tracing. 

Hett, C. L. No. 2,352. — Experiments on Steam-jet Exhaustion. 
With 2 Tracings. 

Hunter, G. M. No. 2,333. — The Manufacture of Oil-Gas on the 
Pintsch System, and its Application to the Lighting of 
Railway-Carriages. With Appendix and 3 Tracings. 
(Vol. xcv., p. 218.) 

Jones, M. V. No. 2,347. — An Improved, Safe and Economic 
Management of the Marino Engine. 

. No. 2,362. — On the Explosion and Spontaneous 

Combustion of Coal in Ships, its Prevention, &c. 

. No. 2,370. — Sub-aqueous Blasting. With 2 Tracings. 

Kapp, G. No. 2,392.— Alternate-Current Machinery. With 2 
Sheets of Illustrations. (Vol. xcvii., p. 1.) 

Ker, T. No. 2,381. — Concrete Quarters for Native Clerks, Guards, 
and Menial Staff on Indian Railways. With 4 Tracings. 

Eirkaldy, J. No. 2,343. — Distilling Plant for the Production of 
Fresh Drinking-water, designed for the Italian Govern- 
ment for use at Massowah. With 4 Sheets of Illustrations. 
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AUTHORS. 

Leslie, J. No. 2,388. — Observations on tho Amount of Loss of 
Kain-water by Evaporation, Vegetation, &c. 

Litster, D. M. No. 2,351. Foundations of the Daly College, 
Indore. With 3 Tracings and 2 Photographs. (Vol. xcvii., 
p. 352.) 

Lobnitz, F. No. 2,378. Tho Eemoval of Rock under Water 
without Explosives. With Photographs and 2 Sheets of 
Drawings. (Vol. xcvii., p. 369.) 

Lopes, G. No. 2,338. — Tho Reparation of Betchworth Tunnel, 
Dorking, on tho London, Brighton and South Coast 
Railway. With 6 Tracings. (Vol. xcv., p. 291.) 

Lucas, J. No. 2,389. — The Chalk Water System, Chiltern Range 
Section. With 3 Maps. 

Macalister, D. No. 2,341. Tho River Clyde. With 5 Tracings 
and 2 Photographs. (Vol. xcv., p. 279.) 

Mackintosh, P. A. No. 2,350. — Tho Bodmin and Wadebridgo 
Railway. With 7 Tracings. 

Maxwell, J. P. No. 2,357. — Further Information on tho Working 
of the Fell System of Traction on tlio lUmutaka Incline, 
New Zealand. With 3 Tracings. (Vol. xevi., p. 137.) 

Morrison, G. J. No. 2,370. — On tho Breach in tlie Embankment 
of the Yellow River. With 2 Tracings and Map. 

Mountain, A, C. No. 2,334. — Paved Carriage-ways in Sydney, 
New South Wales. With Map, Tracing, 4 Ai) 2 )endixes, 
and samjdes of Australian timber. (Vol. xciii., 304.) 

Olive, W. T. No. 2,344. — Alterations at Wosthoad's Weir on the 
Medlock, Manchester. With 4 Shoots of Illustrations. 

. No. 2,391. — Tho Manchester Corjjoration Tramways. 

With (5 Figs., 2 Tracings, and a Ma^). 

Otgawa, M. No. 2,355. — Remarks on River Crossing and Bridge- 
Piers. 

Park, J. C. No. 2,383. — Balanced Slide-Valves. With 11 Tracings. 
(Post^ p. 369.) 

Parkinson, R. M. No. 2,340. — The Design of Railway-Stations 
and Yards. With an Abstract, Table, and 5 Tracings. 

Quick, G. No. 2,390. — Perforated Cake-Powder for Ordnance. 

With Table of Results of Experiments and 4 Sheets of 
Tracings. (Vol. xcvii., p. 342.) 

Renwick, C. No. 2,369. — Triple l^opeller Propulsion of Ironclads. 
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Skct. II.— OTIIEE selected PAPEES. 


(Paper No. 2403.) 

Experiments on a Steam-Engine, the Cylinder of which 
was heated externally hy Q-as-flames.” 

By Bryan Donkin, Jun., M. Inst. C.E. 

In the following experiments an attempt has been made to deter- 
mine how far cylinder-condensation can be prevented, and an 
economy of steam realized by heating an engine cylinder exter- 
nally by gas-flames, so as to raise its temperature considerably. 

The engine was of the horizontal single-cylinder type. Diameter 
of cylinder, 8/^{- inches ; stroke, 14 inches. It was coupled direct to 
a rotary gas exhauster used merely to pump air so as to absorb 
the power. One set of experiments were made non-condensing, 
and one set condensing. In the latter case communication was 
made with the condenser of a factory engine, so that the air-pump 
discharge of the experimental engine could not be measured. The 
feed-water was carefully measured in all the trials, and indicator 
diagrams were taken frequently from both ends of the cylinder. 

The arrangement of the gas-jots was necessarily somewhat 
imperfect ; but every care was taken to ensure accuracy in 
recording the results. Several experiments were made both with 
and without the condenser, and with and without the gas-flames. 
When using the gas-flames the quantity of gas burned was varied. 
The Bunsen burners were placed quite close to the cylinder exter- 
nally, and the flames reached about halfway round the cylinder. 
External radiation was prevented, as far as possible, by sheets of 
asbestos, the products of combustion passing away through holes 
left in these sheets. The expansion was constant in all the experi- 
ments, as there was no separate expansion- valve. 

JEtesults of the Experiments . — These are given in the Tables below. 
It will be seen that the temperature of the cylinder wall when 
the gas-flames were used was generally much above that of the 
steam admitted. 

There is a decided economy of steam when the gas-flame jacket 
is need, but against this must be set the cost of the gas used. This 



Papers.] DOKKIK ON HEAT-EXPBNDIT0RE IN STEAM-ENGINES. 251 

will vary in different localities, and the commercial gain will be 
the difference of cost of the fuel saved and the gas used. 

Since these experiments wore made a better mode of burning 
the gas has been adopted. 

Professor Dwelshauvers Dery, of the University of Liege, was 
much interested in this novel way of heating the cylinder, and, at 
his request, copies of the results were sent to him. lie has care- 
fully analyzed these results and compared them with experiments 
in which two other ways of reducing cylinder- condensation were 
used. In Mr. Willans’ experiments the amount of cyliuder-con- 
densation, reckoned per indicated HP., is reduced by increasing the 
speed of the engine. In Mr. Hirn’s experiments tlie condensa- 
tion is diminislied by superheating the steam. The comparison of 
the economy obtained by these throe methods is instructive. 

Table I. — Summary of Experiments on a 6-HP. Non-Condensing StbXm- 
Engine, with and witiiolt Gas-Flame Jacket, at Bermondsey, 1888. 


I Without I 
liah-Jaikct. 


With («as-,Ia<.ket. 


Foed-water . | 

I HP. . . I 

Ordinary \ 
London gas / 

Temperature 

Steam - pros-l | 
sure above > < 
atmo8i>herf* ) | 

SxKsed • . I 

Steam from'i 
diagram . / 


eub. 

tect 


^Fah. . 


Experiment . 

Date, 1888 , . . 

Dur«ition . Lours 
Feed-Mater perl 
I HP. JMT dbs 

hour . , . I 

I HP. by diagrams . 
Gas burnt in 
Bunsen bur- 
ner i>er hour 
External tem-1 
l>erature otic 
cyl. Mallsj 
at top , . ) I 

Boiler-pressuro . lbs. 
Initial pressure^ I 
in cylinder j ” 

Be volutions per min.) 

(by counter) . . / 

Total revolutions , 
Steam per I.HP. » 
per hour cal- 1 | 

culatcd froml llis. 
diagrams ati ! 

. -fiths stroke , / j 

Percentage of steam] 
used shown on f 
diagrams at x^othsj 
stroke . . . .1 


No 3 
July 2G 
4 


G-2C 

} « i 


248 

35 

5 

31 

•7 

90 

•73 

21 

,770 

35 

*87 


80 


No. 0 
July 28 
4 

34*1 

G17 


49 

411 

35*0 

34-7 

90*79 

21,790 

34*42 


101 


No. 9 
July 31 
3 

33*8 

0*33 

40 


35*5 
34 7 

89 7 
10,147 

34*37 


101 } 


No. 8 
July 31 


3 


34*8 

0*31 


35 


330 


34*5 

33*8 


90*1 

10,218 
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Chief Eesults of the Experiments. 

Table I, with and without gas^ non-^condensing . — Comparing experi- 
ments No. 3 with No. 9, there is an economy of 24 per cent, in 
feed-water per indicated HP. per hour, and this with practically 
the same pressure of steam, power, speed, and expansion. It will 
be noticed that the external temperature of the cylinder-walls was 
much greater with the gas burning than without. The initial 
pressure of steam of the indicator diagrams was also about 3 lbs. 
greater, say 10 per cent, with the gas than without. As to the 
steam calculated from the diagrams at of the stroke, 80 per cent, 
only of the total steam suj)pliod appeared in experiments without 
the gas-flame jackets, and 20 per cent, was missing ; while on the 
other hand, with gas-jackets on, the diagrams showed that at 
of the stroke, all the feed-water was i)rosent as steam, there being 
no missing quantity. 

Table II. — Summauy of Experiments on same C-HP. Speam-Evotne, but 
ooNOENSiNiJ, WITH luid WITHOUT Gas-Flame Jacket, 3888. 


No r»afl- 
•facket. 


With OaB-Jacket 


Food-wator 

I.HP. . 
Ordinary 

1 iondou gas/ \ 


ExiM'riniont 

Dato, 1888 

Duration .... hours 
IfFood-watcr i>cr IIP. 

[\ hour . . . . 


Temperature K 


Steam - pros- 
Buro above 
atmosphere 

Six'od 


I HP. by diagrams 
'^j^Gas burnt jior hour in'i cub. 
Dunsen burners . , / feet 

\ External temiwrat uro I 

of cyl. walls taken >°Fah. 
at top , . . . ) 




Steam froml 
diagram . / 


Initial pressure in cylinder, lbs 

Bc\ elutions per minute (byl 

counter) / 

Total revolutions .... 
Steam per I HP. jxir j 
hour calculated from Jibs, 
diagram at -^ths stroke ) 
Pereoutago of steam used | 
shown on diagrams at y* 0 thb> 
stroke ) 


' No. 4 

1 August 9 
3 

No. 3. 
August 9 
3 

No. 2 
August 3 

3 

1 38 '5 

30*7 

30-3 

1 5-61 

605 

5-47 

} 

35 

28 

j 213 

239 

1 240 

35 0 
11*8 

34-5 

15-3 

34-5 

13*2 

92-27 

02 -60 

90-16 

16,610 

16,680 

1 16,230 

1 28-3 

27 3 

1 

27-3 

1 

1 73i 

89 

1 90 


Table IT, with and without gasy condensing , — Comparing experi- 
ment No. 4 with No. 2 there is an economy due to the gas-flame 
jacket of 21 per cent, in feed- water per indicated HP. per hour. 
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with about the same pressure of steam, power, speed, and ex- 
pansion. 

The temperature of the external cylinder-walls was greater with 
the gas. 

The initial pressure of steam was also greater with the gas. In 
the steam calculated from the diagrams at of the stroke, 73 per 
cent, only was shown on the diagrams in the experiments without 
the gas-flame jacket. 

In the experiments with the gas-flame jacket 90 per cent, of the 
total steam used was shown on the diagrams, or a diminution of 
condensation of 17 per cent. 

Comparing the two sets of experiments, Table I and Table II, 
the jacket gives a rather greater cfiect in the non-condensing set 
than in the condensing. The ex 2 >eriments made with increased 
quantities of gas, show that after the cylinder metal had been 
raised to a certain temperature, the extra quantity of heat seemed 
to have no beneficial effect whatever. Probably the extra heat 
was partly radiated externally, and 2 )artly passed away with the 
exhaust. 

A few trials were made at 45 revolutions, and there was still 
an economy due to the gas-flame jacket, but not nearly so marked 
as at 90 revolutions. 
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(Paper No. 2403a.') 

‘‘ Investigation of the Heat-Expenditure in Steam-Engines, 
especially with reference to Methods of Diminishing 
Cylinder-Condensation.” 

By Professor Dwelshauvers Dery, of Lioge University. 

(Translated Ly Professor W. G. Unwin, F.E.S., M. Inst. C.E.) 

1. Our of the twenty-three trials of a steam-engine carried out 
by Mr. Bryan Donkin, jun., nine of them with and fourteen 
without condensation, the Author has selected four for study, two 
made with condensation and two without condensation. They will 
be numbered and referred to thus : — 

1. With condensation, with gas-flame jacket, made on August 8th. 

No. 2 of Donkin. 

II. With condensation, without gas-flame jacket, made on 
August 9th. No. 4 of Donkin. 

ILL Without condensation, with gas-flame jacket, made on July 
31st. No. 9 of Donkin. 

IV. Without condensation and without gas-flame jacket, made 
on July 2Gth. No. 3 of Donkin. 

The calculations were made in French measures and the results 
reduced to English measures. The Author afterwards studied 
directly in English measures the trial with condensation and gas- 
flame jacket of August 9th, numbered 3 in Mr. Donkin’s Table. 
It is referred to in this memoir as I his, since it was made in con- 
ditions nearly identical with those of No. I above. Lastly, as the 
results of No. Ill, without condensation and with gas-flame jacket, 
seemed to merit special attention, the calculations w^ere repeated in 
English lueasures, the results being identical with those previously 
obtained. 

2. Method of calculation . — The calculations were made by the 
method published in the *Eevue Universelle des Mines’ (Vol. 
viii., September and October, 1880), deduced from the practical 
theory of Him. The results are exhibited by the Author’s 
** Diagram of Exchanges of Heat between the Steam and Walls 
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of tlie Cylinder,” explained in a memoir of January, 1888, to the 
Soci^te Industrielle de Mulhouse. Of this memoir Mr, Donkin 
gave a sketch in * Engineering,’ July 27th, 1888. The diagram 
was also described in the correspondence on Mr. Willans’s 
Paper.^ 

The method consists in calculating from the indicator-diagram 
the quantities of heat in thermal units which the steam acting in the 
cylinder loses : Istly, in doing external work designated l)y T ; 2ndly, 
in heating the cylinder-sides, a quantity designated by It, and which 
constitutes what is here termed the heat exchange. If the calcu- 
lation leads to a negative value of K, the heat, instead of going 
from the steam to the metal, is restored by the metal to the steam ; 
in other words, heat is gained instead of being lost. 

The heat corresponding to the absolute external work of the 
forward stroke is borrowed from tlie steam, which consequently 
loses it. As this is considered positive, it is necessary to treat as 
negative the heat restored to the steam by the cylinder sides. 
Similarly the work of the back-j>rossure in Ihe return-stroke is 
negative and corresponds to heat received by the steam. 

0. Notation employed , — For shortness subscript letters are em- 
ployed to indicate the periods of the stroke for which the 
phenomena are considered : — 

a for tlie j)eriod of admission ; 
d ,, ,, expansion ; 

< „ „ exhaust ; 

r „ „ compression. 

The following statement makes this clear : — 

During admission the steam loses T„ -f- in external work and in 

heating the metal. 

„ exi>ansion „ „ T,, -f I?, „ „ „ 

„ exhaust „ gains T, + by external work and 

cooling of the metal. 

„ compression „ ,, T^ — by external work and 

heating of the metal. 

4. Graphic representation of the quantities of heat , — The quan- 
tities of heat T being iiroportional to the work done by or on the 
steam can be measured directly from the indicator-diagram. The 


* Minutes of Proceedings Inst. C.E., vol. xciiL 


256 


BWEIiSHAUVEBS DEBT ON HBAT-BXPENDITUBB [Selected 


quantities of heat-exchange, R, can be calculated from the data of 
the trial, and especially from those shown by the indicator-diagram. 
The quantities of heat T are given on the indicator-card by areas. 
Hence the idea occurred to the Author to represent the heat- 
exchange R in the same way, and to the same scales, so that the 
two diagrams for T and R should be superposed and comparable. 

The volume described by the piston in one stroke is represented 
on the indicator-diagram by a length on the axis of abscissas. 
From that can be obtained the horizontal length h which corre- 
sponds to 1 cubic foot. The scale of the indicator gives the length 
measured vertically which represents 1 lb. per square inch. 
Dividing this by 144 is obtained the length v, representing 1 lb. 
per square foot. Hence an area having h for base and v for height 
represents 1 foot-lb. of work. 772 times that area is the area which 
represents a thermal unit, or for the present puri>ose the unit of 
areas. 

Let A B D E P C A, Plate 2, Fig. 1 , be an indicator-diagram, in 
which 

A is the beginning of admission; 


B 



the forward stroke ; 

1) 

»» 


expansion ; 

E 



release ; 

F 

»» 


the return stroke ; 

<1 


»> 

compression. 


The number of times the area d D E e d contdins the unit of 
areas is that hicli is denoted by Tj. Similarly the area r C A a r 
measured in tiio same units is T«. As to admission, it consists of 
two parts ; anticiimting a AIM) a — and h JM) dh = and 
<1)0 difference — T", = T,. Tii the same way for exhaust, let 
e E F fe T' and /F C e F = T'^ Then T", - T'. = T,. 

The positive external work which Him calls the absolute work 
is the area h B 1) E F fh = T,. Hence T, ^ + T',. 

If from the i)obitive work, the work 1>BACF fh = T"a-1- T^-h 
is subtracted, we get the indicated wwk T = (T'^, -f- -f- T'^) 
^ (T\+T,+ T".) = (T.+ T,) - (T.-f TJ. 

Lot V„ CTibic feet be the volume described by the piston during 

admission = hd ^ ha; 

„ expansion — de; 

„ exhaust = €f + fc ; 

,, compression = hf* 


Va 

V 

V, 
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If the pressure wore constant during admission and = lbs. per 

P V 

square foot, the work done would be foot-lbs., or thermal 

T. 

units = Ta- Hence j|>« = 772 The area of the rectangle having 

' « 

for base and p„ for height, represents to the scale of the diagram 
the heat borrowed from the steam to do external work during 
admission. 


5. Drawing the mean diagram of exchanges. — Su]>poso 11, the heat- 
exchange during admission is known ; then the height r„ of a 
rectangle, which, having also for base and 772 for area, is 
given by the equation — 

-I* — 77*> 

* a 4 i sMi ^ . 


Then represents the heat given by the steam to the tylinder- 
walls, to the same scale in lbs. ])er scpiare foot, as p, re])rosents 
the heat expended in doing external work. Similarly for the other 
]>oriods of the stroke, when ll„. It/, R,, R„ are known, the heights 
of the rectangles rei)resenting the heat-exchanges arc - 


Kt 




772 


V/ 


772 


v; 


All the rectangles wliich have, to the same scale as the indicator- 
diagram, V,„ Y, 7 , for bases, and r,,, r., for heiglits, con- 

stitute what the A\ithor calls the mean diagram of exchanges of 
heat. 


0. Diagram of uhsolnte worlc and of ahsolnte loss hg the metal . — It 
is useful to add two other rectangles to give a comj»leto idea of the 
thermal ]»henoinena in steam-engine cylinders. ^Fho absolute 
work or positive external work during the stroke is rc])rosentod by 
the areau A R J) E F/a — thermal units. This can also bo repre- 
sented by a rectangle having for base and a height given by 
the equation — 



where IV = T*, + Ta+ T\. 


Similarly the absolute loss of heat from the cylinder sides is 
called the sum R^ = R„ -f- Ra 4- R^ of the quantities ofi heat^ ex- 
changed while the steam is in the cylinder. Let — 

[the IXST. C,E. VOL. xcviii.] s 
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»> 


772 ^ = 772 


+ E » + Erf 

v;;: ’ 


then is the height of a rectangle of base V f equal to the volume 
desoril3ed by the i}iston, the area of which represents the absolute 
loss of heat during the stroke. The line bounding this rectangle 
is marked x y on the diagrams. 


7. Definition of the absolute loss of heat due to the cylinder-walls , — It 
is important here to make a remark which justifies the term absolute 
loss of heat due to the cylinder-walls. Generally during com- 
pression and admission the metal receives heat, and it restores 
part during expansion to the steam acting in the cylinder. But 
during exhaust that which the metal restores is discharged from 
the cylinder with the steam, unutilized. This is the exchange 
denoted by and it represents internal radiation of the heat by 
the metal. There is also an external radiation which will be 
termed E when there is no jacket, and E — Q' when there is a 
jacket. In the latter case if represents the total heat 'which has 
been expended in the jacket, and of which a part E' proceeds 
outwards and a x^art (J'— E ]>assos inwards to the cylinder. It is 
obvious that the snui of the quantities of heat received and re- 
stored by the metal while the steam is enclosed in the cylinder is 
equal to that of the quantities of heat wliich the metal has given 
ui) either to the interior of the cylinder through the agency of the 
steam or to the exterior air. IMiercdorc — 


Ji, = R, -b E„ + Rrf = II + (E - Q ). 

The last term E — Q' may bo a gain and not a loss, as hajipens 
ill trial III of Donkin. In that case the jacket drove through 
the metal into the steam the quantity of heat Q' — E. But 
oven 'when it acts advantageously, the jacket does not always 
drive heat inwards. It may only x^reserve the steam from ex- 
ternal radiation. This is a cax>ital fact sx>ringing out of Mr. 
Donkin’s oxx>eriments, but which has not x^i^^viously l>een clearly 
indicated. 

8. Distinction hetween positive and negative quantities of heat , — In 
all that concerns the diagram of exchanges the same convention 
is adox>tod as in the indicator-diagram. In the forward stroke the 
positive quantities of heat, that is, those which the steam loses in 
doing external 'W'ork, are measured ux>wards from the line of zero 
pressure. In the return stroke it is the negative quantities of 
heat) which correspond to work done on the steam, which are 
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measured upwards from tlie lino of zero pressure* The same rule 
is adopted for the diagram of exchanges. 

Thus, in the trials I his^ I, II, and IV of Donkin, it is the steam 
which during admission yields heat to the metal. The heights r , are 
therefore measured upwards from the axis of abscissa?. In these 
four trials, during expansion in the forward stroke, it is the metal 
which gives heat to the steam, so that is negative and is measured 
downwards. In these trials during exhaust the metal gives heat 
to the steam. The area for the exhaust during the forward stroke 
is measured downwards and for the return stroke upwards. In 
trial III the exchange during exhaust appearing to bo zero is not 
represented by any area. In the same trial the cxeliange during 
admi‘-s»ion being negative, so that heat is driven through the metal 
and received b^^- the steam, tlie area which re])resents it is negative 
and measured downwards. Ijastly, in the five trials during com- 
pression, the steam yields heat to the metal, tlie exchange is 
positive, and occurring in the return stroke r is measuied down- 
wards. In the diagrams of exchange tliai which relates to the 
preadmission is not drawn, in order not to complicate the diagram. 
The quantity of heat corresponding to this ])art of the stroke has 
neither interest nor importance. 

The area ropresenting the absolute work done in the forward 
stroke is above the axis of abscissas, the corrcsi>onding quantity 
of heat being positive. The area whicli represents the loss of 
heat which occurs during exhaust, a negative exchange almost 
contined to the return stroke, is, therefore, according to tlio con- 
vention also above the axis of abscissas. Only in trial 111 in 
the end it is the steam which has received heat driven through 
the cylinder-sides, and the area representing this quantity is below 
the axis. 

9. Scalrtt of the diagrams , — Whatever the engine in question, 
invariably the stroke of the ]uston is represented by a length of 
1 • 8 inch. The volumes described in the different periods of the 
stroke are given fractions of the volume described in one stroke. 
They are represented by lengths which are the same fractions of 
1 *8 inch. 

Det the total heat expended in the cylinder per stroke be Q 
thermal units. If we also know the qiiantity of heat Q' exj)Ouded 
in the jacket, then Q 4- Q' is the real total of heat expended. In 
the case of Mr. Donkin’s trials since Q' was not measured, the 
quantity Q only is calculated. (It is the total heat of the steam 
reckoned from 32'^ Fahrenheit.) 

With a view of comparing the diagrams of steam-pressure and 

b 2 
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pressure equivalent to the heat-exctange for all engines, all heat 
quantities are referred to a well-defined unit, namely, 1179 *12 
thermal units. The total heat of 1 lb. of steam at 6 atmospheres, 
or 88 *2 lbs. per square inch, which is about an average of the 
pressures used, is termed the weight of steam really expended, and 
denote by ir lbs. the quantity 

Q + Q ^ or _ ^ - 
" 1,179-12’ 1,170-12’ 

according as the jacket has furnished Q' thermal units, or has been 
out of action. The ordinates of the diagram represent lbs. per 
square foot per lb. of steam, and they are obtained by dividing 
cither p or r by tt, according as real pressures or pressures equivalent 
to heat-exchanges are dealt with. 

For example. In trial I, = 0*5507 thermal unit for V.= 
0*2422 cubic foot, and tt = 0*015212 lb. Hence — 

= 772 ^ = G,96G lbs. per square foot. 


r 6 9GG 

~ 458,000 lbs. per square foot per lb. of steam, 

TT 0*Ulo212 


oi 


458,000 

144 


3,180 lbs. per square inch per lb. of steam. 


The scale of the ordinates is 1 inch per 3,470 lbs. per square inch 
l)er lb. of steam, or, what is the same thing, an inch to 499,G80 lbs. 
l)er square foot i)er lb. of steam. 

Tlius the line which limits the diagram of It, in trial I will be 
measured up from the axis to a height of 


^180 

3,470 


458^000 

499,680 


= 0*91 inch. 


The scale is chosen to permit the comparison of all engines 
however they perform, 

10. Data of the engine experimented on . — The engine used in 
Mr. Donkin’s trials was a double-acting horizontal engine, without 
a back piston-rod, and with different lead, exjwinsion, and clearance 
for the two ends of the cylinder. The volumes occupied by the 
Bteam at the beginning and end of expansion, and at the beginning 
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and end of compression, differ niucli for the two strokes. In 
fact — 


A olnmes in Cubit I eet. 


l ront End 

Back End 

UifForence 

Per cent. 

Beginning of c\panfeH>n . . . . 0*2.561 

0*3106 

0 0035 

22 

Eu<l V, ' 0 3941 

0 4452 

0 0511 

12 

Beginning of eomiiressK >11 . . . Vg 0*1141 

0*1454 

0*0313 

24 

End V, ' 0 0490 

1 

0 0543 

0 0053 

10 


It was not 2 )ossil)lc to take moans or to siip]>oso an o(]\ial amount 
of steam admitted to oacli end of tlie cylinder. Was it necessary, 
therefore, to renounce the study of such important trials giving 
results so remarkable ^ The Autlior ])roferrcd to adopt a roasonublo 
hy 2 )othe&is at the risk of diminishing the trustworthiness of tlio 
calculations. two ends of the cylinder have been treated us 

if they belonged to two dillerent engines and means have l)eeu 
taken only for the final results in drawing tlie diagrams. Nothing 
is doubtful, tliercfoie, eve e]>t the division of tlio steam into two 
qmintities corrcs 2 )onding to the two ends of the cylinder. 

11. Mode of proc€(dhi<j in studtfimj the triah. — For the division of 
the steam the following 2 )roceeding was ado])ted. From tlie jiros- 
i^ure and volume at the end of the admission, th(i weight of dry 
steam in the cylinder lias been calculates! for cdch end of the 
cylinder. For example, for trial 1 his of tlie 0th of August, it is 
found that these weights are ri'sjiectively . — 

Front end ... 0 01. 51 10 lb = mn Ma = 0 001.5117 lb 
Back ,, . . .0 01 0888 „ — m'o M'c = 0 00184.5 „ 

These weights of steam have not come entirely from the boiler. 
Portions remained in the cylinder at the moment when 

exhaust ended. Then the steam duo to the lioiler is 


Lb. 

Front end m, — Mr = 0*013573 

Back = 0 * 015043 

Per revolution 0*028616 
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But the steam deliveredj^from the boiler was 557*4 lbs. in 16,680 
revolutions, or 0*033417 lb. per revolution. That weight is 
divided into two portions respectively proportional to 0*013573 
and 0*015043. Hence for the weight of steam actually delivered 
to each end of the cylinder we get 


Front end . • . • • • • • • 015850 lb 

Back = 0*017567 „ 


In these conditions the weights of steam and water in the 
cylinder are as follows : — 

During expansion, front end . ( Ma 4* Me ) = 0 * 017387 lb. 

„ „ batk = 0*019412 „ 

During compression, fiont end .... M, = 0*001537 ,, 

„ „ back = 0*001845 „ 

For trial III the steam was^superheated at the end of admission 
by heat conducted through fcthe cylinder- wall from the gas-flame 
jacket. The same procedure has, however, been adopted in the 
absence of any better. 

Having thus divided the steam expended in a revolution between 
the two single strokes, each single stroke is treated entirely as if 
made by a separate engine. For each stroke (^back and front ) the 
work done and the heat-exchange has been determined, for each 
period, admission, ex 2 )ansion, exhaust, and compression, also the 
absolute work and the absolute loss by heat-exchange. Tlien 
only tlio means have been taken of the volumes, the work, and the 
exchanges, and from these means the diagrams were drawn. It is 
believed that no other reasonable division of the steam would have 
led to sensibly dificrent results. 

As to the exact curve of heat-exchange during expansion, it 
diflers so much lor the two ends of the cylinder that the Author 
gave up the idea of showing it on the diagrams. 

12. CJnsHifivation and Tabulation of the results , — The results are 
gi\ en in the follow ing tables, and are figured on the diagrams : — 


Volumes describeu by tbo Piston. 

During admission Va = 0 2422 cubic foot. 

M expansion V«i = 0 1318 „ 

„ exhaust V« = 0*4373 „ 

„ compression Vc = 0*0781 „ 

single stroke . . . , V/ = 0*4477 „ 



PiaperB.] 


IN STEAM-ENaiNES. 


263 


Donkin’s Expeuiments, 




Condensing. 

Non-coiulousing. 



Ibis. 

I. 

II, 

m. 

IV. 



AVitb Caa- 
flatne Jacket, 

With Gas- 
flame Jacket, 

No Jacket, 

With Gas- 
flame Jacket. 

No Jacket, 



Aug, 9. 

Aug. 8. 

Aug. 9. 

July 31. 

July 20. 

Heat expended ini 

Q 

19*5095 

17*9980 

22*0739 

23*2164 

29*9701 

steam per stroke j 


Weip:ht of steam] 
per stroke . . J 

IT 

0 *010504 

0*015212 

0*019104 

0*019090 

0*025330 

Work during ad-1 

•ptt 

1*1507 

1-0538 

1*2105 

1*8930 

1*8196 

mission . . j 





Work during pro-] 
admission . . J 

T", 

0*0180 

0*0139 

0*0187 

0*0159 

0*0114 

Work during cx-1 

Tj 

0*4443 

0*4020 

0*4083 

0*7350 

0*7143 

pausion. . . j 

Work during ex-1 
haust « . . J 

T. 

0*1074 

0*1117 

0*2230 

0*7501 

0*6800 

Work during pre- 
r>'!rhiLnHt . .J 


0*1035 

0*1505 

0*1840 

0*2720 

0-2827 

Work during com- 

It 

0*1081 

0-0801 

0 1113 

0*3815 

0*3300 

l)ression . . 





W ork cluniip^ loliil ^ rp 
btruko . . 

1-7771 

1*0200 

1*8800 

2*9101 

2*8000 

Indicated w ork , 

T 

1*3195 

X * 2o5G 

1*3139 

1*4910 

1*5233 

ll(‘at - exchange 







during admis- 

K* 

2*4291 

2*1853 

4*0107 

-0*2001 

4*8812 

sum .... 







Heat - exchange 







dm ing exiMin- 

It.i 

-0*4315 

-0*3090 

-0*9720 

-0*7102 

-0*4817 

sum .... 







Heat - exchange 
dining exhaust 
Heat - (‘xehauge 

R* 

2*0328 

1*9298 

3*7512 

0 

4*4992 

during coiii- 

jm*8sion 

r 

0*0811 

0*1290 

0*1981 

0*7000 

J * 1003 

Heat l<»8t by 







steam to walls 
K.-hlk + Kj = 

|k, 

2*0823 

1*9110 

3*8411 

-0*3000 

4*5184 

Thermal units in 

) 






steam leaving 
the cylinder . 

lu, 

17*7380 

10*2000 

19*5831 

27*0770 

29*1018 

Internal re-\jj 
jectedheat/ 

T' -f T"a + Tc . 


15*9104 

14*0753 

17*2707 

21*2093 

1 

23*2409 

• 

0*2902 

0*2535 

0*3440 

I 0-G9<J4 

0*0547 


All quantities in thermal units, exeeijt tt which is in Ibs.^ 


The Table below gives the value of the same quantities as the 
previous Table, expressed as a fraction of the heat Q carried into 
the cylinder by the steam. 
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I bid. 

■\V ith (las- 
kot, 
Aug. 9. 

Condensing. 

I. 

With Oas- 
Jah. ket, 
Aug. 8. 

II. 

Xt» Jacket. 
Aug. 9. 

N on-condensmg. 

III. 1 IV. 

Jacket 

Ta . 



0-0590 

0-0585 

0*0594 

0-0810 

0-0007 

T'^, . 



0-0010 

0-0008 

0-0008 

0-0020 

0-0014 

. 



0 022S 

0 0221 

0-0207 

0-0917 

1 0*0238 

Te . 



0 0080 

0-0002 

0 0099 

0-0920 

, 0-0227 

TV . 



0-0081 

0-0081 

0-0081 

0*0117 

1 0*0094 

T, . 



(»-005r> 

0-00.70 

0-0002 

0-0104 

0-0110 

T/ . 



0 0911 

0 0900 

0 0829 

0 1209 

0 095(? 

T 



0-0070 

0-0098 

0-0579 

0 0012 

0-0508 

I 

R* . 



0-1215 

0-1214 

0-2090 

-0-01J2 

0-1029 

lit 



-0 0222 

-0 0205 

— 0-0429 

-0 0919 

-0-0102 

K- . 



0-1042 

0 1072 

, 0-1051 

0 

, 0-1501 

lir . 



0 ooi;5 

0 0072 

' 0 0088 

0 0902 

1 0 0909 

Ra . 



0-1007 

0-1080 

, 0-1091 

-0*0129 

1 0-1508 

u, . 



0-9092 

0-9009 

0-8097 

1 * 1009 

' 0-9730 



0 8171 

0 8159 

0-7020 

0 9101 

0-7755 

'r. + 

1' . + T 


0 01 19 

1 0-0141 

0 0152 

0 0901 

0-0218 


Tlio following Tal)l(» ^ives tlie results of the calculations for 
drawing tlio diagrams of work pressure and excliange. 


— 

1 

J bs. 1 

i 

1. 

II. 

III 

IV. 

Moan ]m hsnicduiiiig) 
adinihhuni . . . j 

1 

■ j‘' 

222000' 

221000 

20 J 000 

1 

:507()()0' 

229000 

Moan ]H( shuro diiiiiiii:) 
oxpunbion . . . j 

1 

- pt 1 

1 

158000 

155000 

149000 

1 1 

1 219000 

1G5000 

Moan }>i( 8Hin(> (lining | 
exhaiibt . . j 


18000 

19000 

21000 

osooo 

47000 

M(‘nii ])!( HHiiie (liiinm | 

OOIllpK HSion . .1 


1 

r>50oo 

58000 

79000 

1 

192000 

129000 

MiMvn abholuit' 

snro diiiiiig blioKi- j 


180000 

1 

184000 

1 

109001) 

258000 

194000 

Moan oxohang('-pi(*8-j 

1 


^ 158000 




sure dill mg ad- 
mission . . . . 1 

► f'i 

1 1 

409000 

1 


708000 

-42000 

014000 

t 

McMvn oxohaiigo-prob- 







suro during ox- 
l>anbu>n . . . | 

1 

-153000 

-142000 - 

297000 

-220000 

-943000 

Moan oxohango-pi ob- 1 

1 

1 





sure dunng ex- 
haust . . . . j 


217000 

224000 

! 1 
* 

915000 

0 

314000 

Moan oxchangc-pros- 

1 






suro during com- 


51000 

84000 

102000 352000 

432000 

prt^ssion 

Total moan exehango- 

1 

1 


1 f 

t 


1 


}irt'sbiire duiiug 

»> 

218000 

220000 

340000 -30000 

307000 

stroke ... 


t 

1 1 


\ 



All quantitiee in lbs. j)er s<]|uaro fiwt j>eT lb. of steam. These are the data used 
in tracing the diagrams given in this rajK?!. 
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13. JRemarka on drawing the diagrams, — Folio winj^ Professor 
Unwin, tlie positive surfaces whicli represent heat received by 
the metal are distinguished from the negative surfaces which 
represent heat restored to the steam by the inclination of the 
shading. 

In the diagrams for trials I htSy I, II, and IV, the |K)sitivo 
area is greater than the negative area by a quantity whicli 
represents the heat which the steam finally lost, and which has 
been transmitted through the cylinder sides whether there was 
a gas-flame jacket or not. In trial III, the contrary occurs, 
and the steam receives more heat from the cylinder sides than 
it yields to them. The gas-flames in eflect drive heat through 
the metal. This is a capital fact which explains the action of 
the gas-flame jacket and gives a high value to Mr. Donkin’s 
experiments. 

14. Hcmarhs on llie action of the gas-flame jncl-vt. — Mr. Ilirn has 
already said that the economy duo to the stc^am-jackot, although 
very consulerable, was occasioned by a very small quantity of heat 
traversing the metal of the cylinder. The trials I his and 1 show a 
notable economy, while ultimately no heat duo to tlio gas-flumes 
traversed the metal of the cylinder, since in the end it is found 
that more heat has been given to the sides by tJio steam than 
received by the steam from the metal. The effect of the gas-flames 
is merely to hinder external radiation. 

15. Kconomij of the gas-flame jacht t.— The cconon»y of steam duo 
to the use of a gas-flame jacket is undeniable and considerable. 
The following figures and the diagrams make this clear. 

First, as to the consumption of steam j)er absolute IIP. and per 
indicated IIP. jjer hour, in the five trials of Mr. Donkin. We 
define the consiimjdion thus : A IIP. corresjK>nds to 1,080,000 
ft.-lbs. per hour. Dut in the trial tt lbs. of steam were necessary 
to do 772 (T'„-^ Tj 4-T'^) = 772 Ty foot-lbs. of absolute work. Then 
the steam-consumjflion per IIP. absolute per hour is 

1,980,000 


Similarly the consumption per indicated IIP. i>er hour is 

1,980,000 
"■ 772 T '■ 
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— 

With Gas-flame Jacket 

Without 

Jacket 

1 

With Gas- | 
flame 
Jacket. 

Without 

Jacket 

1 bis. 

I 

II. 

m. 

IV. 

Effective consumption \ 
in lbs . . . , / 

Absolute work 
thermal uuiis . 

Absolute work ml m 

foot-lbfl . . 

Oonsumjition of sham jier) 
absolute IIP jxjr liour> 
in lbs 1 

0 *010503 

1 1 7771 
1,372 

23 82 

0*015212 

1 0200 

1,251 

23 97 

0 019101 

1*8800 

1,452 

20 14 

0 019690 

1 

1 2 9464 1 
2,275 

17 14 

0 025330 

2*8006 

2,213 

22 66 

Intlicafcd woik t 

thormal units . ./ 

Indicatfd Vroik in\ m 

foot-lbs . . / 1 

C^onsumj)tion of steam pcil 
I HP jK 1 lioui m lbs . /j 

1*3195 

1,019 

32 08 

1 25.50 

909 

31 07 

1*3139 

1,014 

37 41 

1*4910 

1,151 

33 87 

1 5233 

1,173 

42 C5 


Tlie Table stows that in the trials I hi 8 and I, compared 
with II, there is an economy of steam per absolute HP. of 8*9 and 
8*3 per cent., and per indicated HP. of 14*2 and 10*9 per cent. 
In trial III compared with IV, there is an economy of steam per 
absolute HP. of 24*4 2 l^r cent, and per indicated IIP. of 20*6 j^er 
cent. 

1(). EapJanation of the economy . — ^Wliilo the steam is enclosed 
in the cylinder from the coinmenccmeiit of comjnession to tlie 
be^innin^ of exhaust, it gives heat to the metal, so that ultimately 
it has lost a quantity which may be called the final loss duo to the 
action of the cylinder-sides, and is denoted by = E^ + R^+E/. In 
fact since at iho end of a revolution the metal returns to its initial 
condition, it is necessary that that total quantity of heat should 
have left the metal. Part is lost internally during exhaust, the 
internal radiation which Him calls cooling due to the condenser, and 
which for more generality may be termed exhaust-cooling, and 
which is denoted by E^. The other jmrt traverses the metal and is 
lost by external radiation during the whole stroke, and this is 
denoted by H. 

When there is no jacket, the total loss is E, + E. It is also 
expressed in another manner, as will be shown, so that 


This equation will determine the external radiation E, if R. R, R, 
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are known. Wliat is wanting in Mr. Donkin’s trials for a complete 
determination will be pointed out presently. 

If there is a jacket in which a quantity of heat Q' is generated, 
a part E is radiated externally, and another part Q' — E traverses 
the cylinder-wall, and is given to the steam. In other w’^ords the 
heat which passes from the exterior of the cylinder-wall is no 
longer E, but is E — Q'. Hence the internal loss being always E , 
the external loss (which may be a gain) is E — Q'. Consequently 

-f- E — Q' = E<, 4- 4“ E^. 


17. JResultant action of the sides. — ^By the method indicated above 
E^ has been calculated and from the equations just given E or 
E — Q' has been calculated according to the case. The results are 
given below. 


Quantities in thermal units except in 
last line hut one 


Final loss of 
heat by ^^all8 
Loss by interior suifuce ofl^ 

walls 

Difldcnoo, loss by cxtcinnl^ 
suilact ... . . 

The same quantity divided 
absolute woik 
Absolute woik 


^ Ec "f” E t "b El 


i^yj 


With Oas-flamo Jacket 

Without 

Jacket 

AV itli 
Gau liamo 
Ja( ket 

Without 

Jacket 

IbiB 


I 

ir 

111 

IV. 

2 0823 

1 

0446 

3 8111 

-0*3000 

4 5184 

2 0328 

1 

0208 

3 7512 

0 

4 4092 

E - Q' 

E 

- Q' 

E 

E - Q' 

E 

= 0 0405 

0 

0148 

0*0800 j 

-0 3000 

0 0192 

0 028 

0 

O 

O 

0 048 

-0 102 

0 006 

1 7771 

1 

0200 

1*8800 

2 0104 

2 8006 


It will be seen first that E or E — Q' is an iinj^iortant fraction of 
the absolute work except in the last trial. The difference between 
trials II and IV may be due to error of observation, especially as 
E is calculated from a single datum the pressure at the beginning 
of exhaust shown on the diagram. A small error in determining 
this would lead to largo differences in the value of E. 

18. Dijiciency for a complete study. — In his trials Mr. Donkin has 
not measured the external radiation E, nor the heat generated in 
the jacket Q'. Thus data are wanting to determine directly the 
heat rejected externally from the metal. It is no better as to the 
heat rejected internally in the non-condensing trials, since its 
experimental determination is not possible, nor in the condensing 
trials since the weight and temperature of the condensing water 
were not observed. 

19. Means of determining the exhaust cooling when it is not directly 
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measured . — The heat absorbed by the metal and rejected to the 
condenser during exhanst comprises an unavoidable portion, that 
necessary to vaporize the water on the cylinder-walls at release. 
At that moment the pressure is suddenly lowered, the saturation 
temperature is lowered also, and becomes less than that of the 
metal. The heat of the metal, therefore, is communicated to the 
water covering it, and evaporates it to the condenser. The 
vaporization requires an amount of heat proportional to the weight 
of water evaporated and the internal latent heat p per lb. of water 
corresponding to the piessiirc. 

To calculate that quantity the pressure at release, and the 
volume Vi in the cylinder is measured from the diagram. Steam 
Tables give the density Sj of the steam in lbs. per cubic foot. 
Hence the weight of steam in the cylinder at release is 


If also the total weight of mKed steam and water present M^-h 
Me is known, and that weight is greater than wq, there must bo 
in the cylinder 

+ Me — wq lbs. of water. 

The Tables give for P^ the internal latent heat p^ per lb., and it may 
be inferred that 

(M. 4- — -»>q) Pi thermal units 

is the quantity of heat which the metal furnishes to vaporize the 
water. If is greater than it may bo interred that the 

steam is superheated. In that case no heat is borrowed from the 
metal as there is no water to cva 2 K>rate. 

After having comjmred the lesults obtained by this calculation 
with those given by direct exi^eriment the Author is convinced 
that there is no sensible error in suj)posing the exhaust cooling 
to consist only of the heat necessary to vaporize the water present 
at release. Hence 

E, = (M„ -h - Wi) Pi 
when the steam is sujier saturated ; and 


when the steam is dry or superheated at release. 

20. Peculiarity of Trial III . — These formulas have been used to 
calculate the exhaust-cooling in the trials in question. The 
equation E, = 0 is only applicable in trial III where the jacket 
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heat superheated the steam during admission and maintained the 
superheating during expansion. It is the first trial of the kind 
the Author has studied. The superheated steam used in Uim*s 
trials in the engine at Logelbach^ did not remain superheated 
during expansion, and was only superheated at the end of the 
expansion in one trial, that made without condensation. It is 
again in a trial without condensation that the steam is superheated 
at the end of the expansion in the case now considered. But 
there is a remarkable peculiarity, namely, that even during the 
admission the action of the gas-flame jacket gives heat enough to 
the steam to superheat it. The cylinder was transformed into a 
very rapid superheating apparatus, since fresh steam entered one 
hundred and eighty-six times per minute. 

But in the calculations everything depends on the pressure at 
release, and the least error in this would have largo consequences. 
The Author believes there is an error of this kind in trial IV, 
and that the internal heat of the steam Ui as well as the pressure 
has been taken too great. 

21. Variation of the dryness-fraction during expansion , — It is useful 
to take into consideration the variations of dryness during the 
expansion. The following is a Table of moans of the two single 
strokes of the piston : — 



1 1 biH. 

I. 

1 ir. 

HI. 

IV. 


Jacket. 

J acket. 

No Jacket 

Jacket. 

No Jacket 

Dryncss-fraction at begin-'i 
ning of expansion . . . / ® 

0-870 

0-800 

0-770 

1 

Su[)er]i. 

0-797 

Dryness-fraction at end of j. ^ ^ 

0-877 

0-878 

0-805 

1 1 

Snp(‘rh. 

0-834 

exjiansion 1*1 



Increase of dryness-fraction 

0-007 

0-004 

' 0-085 


0-037 


With the jacket ("I, I his^ the heat it furnishes diminishes the 
condensation, since the dryness-fraction 0*87 is larger than with 
no jacket (namely 0*77 in II). In trial III the steam has been 
superheated, while without jacket in IV the dryness-fraction falls 
to 0*797, or 20 per cent, of the steam is condensed. 

On the other hand, the heat restored by the cylinder-sides 
during expansion is much greater without a jacket than with a 
jacket. But the final dryness-fraction Xy is always greater with the 
jacket acting. These facts are shown clearly by the diagrams 
of exchanges. 


* See the Author’s Memoir. Bulletiu do la Societe Je Mulhouse. 
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22. Besults shown hy the diagrams , — The area It;,, which represents 
the heat given to the metal during admission, is smaller in trials I, 
I hiSy with gas-flame jacket than in II without jacket. In trial 
III, with gas-flame jacket, the metal heats the steam, while in IV, 
without jacket, the steam gives heat equal to the latent heat of 
20 per cent, of its weight. 

The area which represents heat restored by the metal to the 
steam during expansion is, on the other hand, greater in the two 
trials without jacket. 

The heat lost hy the steam in heating the metal during com- 
pression, appears to be greater when the jacket is not acting. 

The final result wliich is specially important from 

the ])oint of view of economy, is represented on the diagrams in a 
striking way. In all the trials except III the total loss due to 
the metal is represented by a rectangle of which the height is very 
nearly equal to that which represents the loss during exhaust R^. 
It is obvious that the final loss is smaller in I and I with jacket 
than in II and IV without jacket. Also that in IT without jacket 
and condensing the loss is greater than in IV without jacket and 
non-condensing. In Trial III there is no loss of heat during 
exhaust but a gain. Heat traverses the metal and is given to the 
steam during each stroke of the j)iston. In that case R, is taken 
= 0. The rectangle of which the height represents the final loss 
is below the axis, and at a distance somewhat great. 

23. Conclusions , — The diagrams show very well that the energy 
of action of the gas-flame jacket is diminished when a condenser is 
used ; that the action occurs especially during admission, diminish- 
ing the initial condensation ; that the increase of dryness during 
expansion is less when the jacket acts, and finally the total loss is 
diminished by tlie jacket. 

The following considerations throw light on the influence of the 
jacket, and show that progress may yet be made. 

24. Balance-Sheet of the Engine , — The total heat which does 
work is, with no jacket, Q thermal units, which the steam carries 
into the cylinder.^ But with a jacket there is added Q' thermal 
units of heat generated in the jacket. The total heat is then 
Q + Q^- It is then to Q for an engine without jacket, and to 
Q -b Q' for an engine with a jacket, that it is necessary to refer all 
other quantities of heat. 

An exception must be made in the trials of Mr. Donkin, for two 

' It is supposed that tlio boiler is fed with water at 32^ Fahrenheit, and that 
the total heat is reckoned from that temperature. 
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reasons. One is that Q' was not measured ; the other is that the 
cost of a thermal unit obtained from gas is different from the cost 
of a thermal unit obtained in evaporating the steam. Then, 
whether the jacket acts or not, the other quantities of heat imist be 
referred to Q in order to remove objections. 

The heat Q carried to the cylinder by the steam is expended for 
three objects : — 

1st. To do the absolute external work T/, whatever use the 
manufacturer makes of it ; whether, for example, ho abandons th(» 
advantage of condensation or makes use of it. 

2nd. To heat uselessly the metal, which involves a hnal loss 
-I- 4- 11^,, occasioned by external radiation E, or by internal 

radiation 

3rd. The third part is complex, and comprises — the internal heat 
Ui which the steam possesses when it leaves the cylinder, diminished 
by the internal heat of the steam retained in the cylinder by 
cushioning. Also the quantities of work T^ during compression, 
T''„ during ])ro-admis&ion, and T', during prc-rcleaso. It may bo 
separated into two parts, TJi — Ug and T^ + T^. 4- T"„, the last 
negative and generally small. 

The following justifies this division. The total heat expended 
Q 4- Q' is equal to that corresponding to the indicated work T, 
plus the heat rejected by external radiation E, heat 

rejected by internal radiation which goes into the condenser or the 
atmosphere, with the notation already explained. 

Heat rejected by internal radiation = TTi 4- + T, — U^, 

whence 

Q + Q' T,+ T'.) - rT",+ T,4- T"„) 4 - - Ug+ T. + E.+E. 

But 

E - Q' = lk+ K„+ E, = E^, 

and 

T'.+ T,4-T' = T^, 

T, = T'^~n. 

Whence 

Q = T, + iy+ U, - TJ, - (T-. + + T"„). 


Giving, then, separately the values of the four terms in the 
following formula — 

, T, , E, , TT,-U.g T^+T, + T"„ 

Q'^ Q " Q 

which form the balance sheet of the engine. 

25. Supplementary Explanation , — Let t be the temperature (abso- 
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lute) of the boiler-steam, and t' that of the condensing-water, or 
of the atmosphere. The fall of temperature is r — t'. The maxi- 

T — t' 

mum work which can be obtained is of the heat expended, 

r 

and the minimum which must be abandoned to tlie cold body, that 
is, the unavoidable loss of heat, since the steam cannot bo reduced 
below the temperature of the condensing-water or atmosphere, is 

*r "T , T — • 

The value of — is about 0*7, and that of is about 0*3. 

T T T 

Since the absolute work scarcely exceeds 10 per cent, of the heat 
expended, while a perfect motor would utilize 30 per cent, for the 
same range of temperature, it is obvious that the engine had a 
relative efficiency of about 33 per cent. 

20. Means of Increasing the Efficiency . — The question arises 
naturally. Are there no means of increasing the efficiency of the 
steam-engine ? Three means are princii)ally employed. 

1 st. To give heat to the steam in the cylinder while doing work. 
To this end a steam jacket is used with success ; a hot-air jacket 
without success. Lastly, Mr. Donkin heats the outside of the 
cylinder by means of gas flames. lie puts the cylinder, as it 
were, in a gas furnace. The trials show the efficiency of this 
method. 

2nd. Superheating the steam before its introduction into the 
cylinder. It was the method used by Him, thirty years ago, in the 
engine at Logelbach, and the success of which is not doubtful. 
For practical reasons it has been abandoned for some time, but, 
with a view to economy, it would be well to return to it. 

3rd. The perfect experiments of Mr. Willans (188G) have 
removed all doubt as to the economy which may be obtained by 
great piston-speed. 

The Author desires to give an account of the natural processes 
through which the gas-flame jacket of Donkin, the superheating of 
Him, and the high speed of Willans give rise to a considerable 
economy. Thanks are due to these engineers for details of their 
trials, so complete that it has been possible to make a study of 
them by the Author’s method. The comparison of the results of 
the three methods is useful, because it leads to a general con- 
clusion. The flame-jacket, superheating, high speed, all have the 
same complex effect, which is this : — 

To augment the absolute work. 

To diminish the flnal loss due to the metal. 

To increase the other losses by an amount less than the gain in 
diminishing the influence of the cylinder sides. 
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That it is so cahnot be shown better than by giving the Table of 
the results obtained by these three methods. Those relating to 
the trials of Him, in 1873 and 1875, are the translation into 
English measures of the figures given in the Author’s memoir in 
the “ Bulletin de la Soci<5t^ Industrielle de Mulhouse.” 

27. Utility of the gaa-flame jacket of Donkin, — From a com- 
parison of the results of the trials, it is found that with the 
gas-flame jacket — 

With condensation : — 

The absolute woik is increased by 0 008 

The loss duo to the cylinder-sides is diminished by 0 • 063 
The other losses are increased by 0 * 055 

Without condensation : — 

The absolute work is increased by 0*031 

The loss due to the cylinder sides is diminished by 0*164 
The othci losses aio increased by 0*133 

The other losses comprise, as a principal term, the internal heat 
Ui of the steam leaving the cylinder. The effect of the jacket is to 
increase this so that the absolute work does not gain by all the 
diminution of the loss due to the action of the cylinder sides. This 
is natural, because the steam is raised to a higher temperature and 
greater dryness at release. The economy due to the jacket seems 
limited by this fact. 

It seems that the maximum effect of the jacket should be obtained 
when the heat traversing the cylinder-sides renders the steam dry 
at the end of the expansion, or even superheats it. That happened 
in a trial of Donkin’s, without condensation with jacket, and in a 
trial of Hirn’s without condensation and with sujierheating. The 
Author has concluded that in that case the internal radiation is 
nearly suppressed. Water, that x)owerful vehicle of heat, as 
Hallauer terms it, is absent. 

The economy of steam with the Donkin jacket is demonstrated. 
But what expenditure of heat must be made in the jacket to 
procure the benefit? No reply can be given at present, as the 
heat developed in the jacket was not measured, or that lost by 
radiation, although the gas used was measured by meter. Only 
one remark may be made. The quantity of heat which gets 
through the cylinder in all is small. With condensation the work 
is increased only by 0*008, and without condensation only by 
0*031. Only these 17^00 represent 10 per cent, of the work 
obtained without the jacket, and these represent 33 per cent. 

[the INST. C.E. VOL. XCVIU.] T 
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of tlie work obtained without the jacket. Is not there the explana- 
tion of the fact ? 

28. Utility of superheating. — The trials of Him (1873) numbered 
I and II, and the trials (1875) numbered V and VI, were made to 
determine the utility of superheating. In the two trials of each 
series there was the same ratio of expansion, nearly the same 
boiler-pressure, and the same speed. The only difference was that 
in trials I and V the steam was superheated to 448° and 384° 
respectively, while in the two others the steam was saturated, or a 
little wet. There was a condenser in both cases, but in 1873 the 
condenser did not give a good vacuum. The effect of superheat- 
ing was — 

Trials I and II (1873) ; — 

The absolute work was augmented by . . 0*143 — 0*117 = 0*026 

The loss by cylinder-sides was diminished by 0*147 — 0*067 = 0*080 
The other losses increased by 0*790 — 0*736 =: 0*054 

Trials V and VI (1875) 

The absolute work was increased by . . . 0*146 — 0*124 = 0*022 

The loss by cylinder-sides was diminished by 0*250 — 0*150|= 0*100 
The other losses increased by 0 * 704 — 0 * 626 — 0 * 078 

The resultant benefit reckoned on the absolute work is 22 per 
cent, in the first case and 18 per cent, in the second. The super- 
heating, like the jacket, increases the absolute work, and diminishes 
still more the loss due to the cylinder-sides. But the absolute 
work does not profit by all the difference, because the steam is 
hotter and drier at the end of the expansion. 

29. Utility of high speed . — The diagrams, Plate 2, are arranged in 
the order in which Mr. Willans arranged his trials. The Table below 
is classed according to speed. The four groups of diagrams have 
a common character, specially well marked in the group IV, V, VI, 
the trials being made at 409*1, 205*2, and 112*7 revolutions per 
minute. Let the trials be compared in the following order : IV with 
V, V with VI, IV with VI. At the higher speed — 

Trials IV and V, at 409 and 205 revolutions : — 

The absolute work was increased by . . . 0*105 — 0*095 = 0*010 

The loss duo to the sides was diminished by . 0*160 — 0*130 = 0*030 

The other losses increased by 0*765 — 0*745 = 0*020 

Trials V and VI, at 205 and 112 revolutions : — 

The absolute work was increased by • . . 0*095 — 0*079 = 0*016 

The loss due to the sides was diminished by . 0*258 — 0*160 = 0*098 

The other losses increased by 0*745 — 0*663 = 0*082 
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Trials IV and VI, at 409 and 112 revolutions ; — 

Tho absolute work was increased by . . . 0*105 — 0*079 = 0*020 

The loss due to the sides was diminished by . 0*258 — 0*130 = 0*128 

The other losses increased by 0*765 — 0*663 = 0*102 

The resultant benefit reckoned on the absolute work was — 

Trials IV and V 
„ V and VI 
„ IV and VI 

The analogy of the conclusions is striking. 

30. Comparison of the three methods. — In order to draw from 
the experiments discussed some conclusions as to the comparative 
merit of the three methods, it is convenient to find the consumption 
of steam per absolute HP. per hour. The quantity of steam per 
indicated HP. may also be given ; but then condensing and non- 
oondensing engines are no longer comparable. 

Even for the absolute work some difficulties arise, for the ratio 
of expansion was not the same in different trials. The Table 
below gives the results of twenty-five trials, with very different 
ratios of expansion, and so much more so since the clearance was 
10 per cent, in the trials of Donkin, 1 per cent, in the trials of 
Him, and 7 per cent, in those of Willans. The ratio of the 
volume at cut-off to that at release is indicated in the Table. For 
the trials with gas-flame jacket it is constant, and equal to 0 • 684. 
For those on superheated steam it varied from 0*162 to 0 • 454 ; 
for the trials at different speeds, from 0*280 to 0*497. 

In Donkin’s trials the minimum consumption of steam, without 
regard to the heat supplied by the jacket, was 17*14 lbs. per 
absolute HP. per hour, with cut-off at 0 • 684. In the trials of 
Him, 16*02 lbs. per absolute HP. per hour, with cut-off at 0*454. 
In the trials of Willans, 21 * 80 lbs. per absolute HP. per hour, with 
cut-off at 0*497. 

The minimum consumption of the Willans engine was 17*90 lbs., 
with cut-off at 0*280. With a cut-off at 0*287, and without con- 
densation, the consumption of Hirn’s engine was 15*19. With 
cut-off at 0*162 and condensation, it fell to 14*59. 

It is strange that the consumption in lbs. per absolute HP. per 
hour in trial IV of Donkin, without gas-flame jacket, should be 
smaller than in trial I with condensation and gas-flame jacket. 
But the steam-pressure during admission was greater in trial IV 
than in trials I and I his, 

T 2 


10*5 per cent. 
20*2 „ 
32*9 „ 
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1888. — ^Donkin’s Gas-Flame-Jacket Tbials. 


Double-acting; nearly full steam; piston-sx>eed about 210 feet 
I)er minute. 



Gas-Flame Jacket. 

No Jacket. 


Condensing. 

Non-Cundensing 

Condensing. 

Non-Condensing. 

Date of trial . 

Aug. 9 

Aug. 8 

July 31 

Aug. 9 

July 26 

No. in this Memoir . 

I his 

I 

III 

II 

IV 

Donkin’b exjieri-'l 

mental No. . ./ 

No. 3 

No. 2 

No. 9 

No. 4 

No. 3 

Clearance .... 

1 

0*102 of\ 

1 i 

olume generated jx^r stroke. 

Rr‘al degree of oximn-1 
sion / 

0*084 

0*684 

0-084 

0-084 

0-684 

Boiler-pressure, Ibs.l 
nhsolulo . . ./ 

49-70 

49*20 

50*20 

49-20 

50-20 

Temperature of snpcr-l 
heating . . . , / 

*• 

•• 

•• 

•• 

-- 

Higher temj[)eraturo . 

741° 

739° 


740° 

742° 

Bower „ 

Maximum work . 

520° 

0-2981 

520° 

0-29G 

super- J 
heated | 
all stroke. 

J V 

520° 

0-2971 

520° 

0-2991 

Minimum loss 

0-7021 

0*701 

0-7031 

0-7011 


1*000 

1*000 


1-000 

1-000 

Absolute work . 

0-091 

0*090 

0*127 

0*083 

0*096 

Loss by walls 

0-107 

0*108 

0-013 

0-170 

0*151 

Other losses . 

0*802 

0*802 

0-88G 

0*747 

0-753 

Loss by internal heatl 
of exhaust-steam . / 

0-817 

0*815 

0*935 

0-762 

0*775 

Calculated efficiency 

0-305 

0*304 

•• 

0-279 

0-321 

Lbs. of steam |Xir ab-l 
solute HP. hour . j 

23-82 

23-07 

17*14 

20-14 

22-74 

Indicated HP. . . 

6-05 

5-47 

6-33 

5-61 

6-26 

Absolute HP. 

8-15 

7-09 

12-51 

8-03 

11*74 

Lbs. of steam perl 
indicated HP. hour/ 

32-08 

31*07 

33*87 

37-41 

42*65 
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1873 and 1876 . — ^Hiun’s Supeeheattng Trials ; no Steam-Jacket. 

Double-acting; piston-sjxied about 335 feet per minute; 30 revolutions 

per minute. 


Superheated Steam. 

Saturated Steam. 

Condensing. 

Non-Condcnsing. 

Condensing. 

Sept. 7 

V 

Aug. 26 

III 

Nov. 18, 
1873 

I 

Aug 27 

IV 

Sept. 29 

VII 

Oct 28 

vni 

Sept. 8 

VI 

Nov 28, 
1873 

II 



0*010 c 

)f \ olumc 

generatet 

1 per stroke. 



0‘1G2 

0*214 

0*257 

0*451 

0*454 

0*287 

0*102 

0*257 

70 *60 

71*03 

09*55 

69*34 

71*48 

62*23 

70*70 

00*14 

384° 

419° 

448° 

433° 

428° 

428° 


.. 

843° 

878° 

907° 

893° 

897° 

897° 

703° 

758° 

521° 

521° 

514° 

521° 

519° 

515° 

521° 

512° 

0*382 

0*407 

0*433 

0*410 

0*414 

0*420 

0*317 

0*324 

0*018 

0*593 

0*507 

0*581 

0*580 

0*580 

0*083 

0*670 


BSI 


0*121 

0*120 

0*141 


0*117 


Hul 


0*119 

0*138 

0 001 


0*147 


0*743 

0*790 

0*757 

0*730 

0*803 

0*020 

0*730 

0*705 

0*743 

0-790 

0*759 

0*737 

0*871 

0*027 

0*730 

0*382 

0*354 

0*330 

0*298 

0*304 

0*330 

0*391 

0*361 

14*59 

14*96 

14-94 

17*25 

16*02 

15-19 

17*18 

18*27 

113*08 

135-77 

144-36 

125*17 i 

1 99-53 

78*30 

107*31 

130*40 

125*20 

148*18 

168*30 

137*00 

1 

'ill -01 

1 

140*88 

121*75 

100*64 

16*10 

16*26 

17*43 

j 18-90 

1 19-25 

1 

28*49 

1 

10*41 

21*51 
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1886 . — Non-Cokbensikg ; 'Wii.lans’s 
Single-acting ; expansion varies 




High Speed 

o 

0 

1 



Piston Speed, 400 feet per minute. 


400*16 

400*9 

409*1 

408*4 

Date of trial 

Dec. 5 

No>r. 30 

Dec 8 

Dec. 6 

No. in this Memoir 

X 

vir 

IV 

I 

Clearance 



0*070 

3f volume 

Real degree of expansion , 

0*280 

0*327 

0*401 

0*497 

Boiler-pressure, lbs. absolute . 

136*74 

111*75 

88*57 

65*46 

Temperature of superheating . 





Higher temperature 

810’ 
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(Taper No. 2374.') 

“The Improvement of the Eiver Avon below Bristol/' 

By William Chatham, Assoc. M. Inst. C.E. 

The Itivcr Avon forms tlio channel, about 7 miles in length from 
the anchorage at Kingroad, by which access is obtained to the 
Port of Bristol, which, at one time, was second only to London, 
though now it ranks eighth among the ports of the kingdom. This 
decline has been in a great measure duo to the tortuous course of 
the river, tlie improvement of which has not kept pace with the 
ever-increasing demands of the mercantile marine. 

A short distance below the city, the river enters tlio narrow and 
precipitous gorge bounding the Clifton and Diirdham Downs, and 
it is here that the princii>al obstacles to navigation have existed, 
in consequence of the projection of five ‘^'elbows ’’ of rock into tlio 
channel, called Ilotwell ITouse Point, Susx)ension Bridge I^oint, 
Bound Point, Tea-and-Cotfee House Point, and l^heasant Quarry 
Point, respectively (Plate d. Fig. 1). Tlie first and third of these 
points arc on the Cloucestershiro side and the others on the 
8omersotshire side of the river. They are chiefly composed of 
mountain limestone, and have been found to consist of very hard 
and jointy beds of rock, difficult to bore. The dij) of the strata is 
to the south-east or up-stream at an angle of about 30^. Just 
above Bound Point, the Clifton fault occurs which throws the 
strata down to the south a dei)th of over 1,100 feet, producing 
great distortion at the ])oint referred to, where the rock is composed 
principally of millstone grit, or, as it is locally termed, “ Fire-stone.’’ 
Once clear of those obstacles, the course is continued by tolerably 
straight reaches for about 2 miles, and then a bend occurs, 
called Horse Shoe Point. Although by far the greatest bend in 
the navigable i)ortion of the river, it is less dangerous than the 
“ elbows ” of rock just described, because the channel is wider and 
deeper, and the point consists of level ground, permitting a clear 
view up and down stream. Immediately after rounding Horse 
Shoo Point, the river tends to resume its direction towards the 
Severn, and here its scouring effect becomes greater than at any 
other part of its course, resulting in the production of a stretch 
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of deep water known as Hungroad, which is sometimes used as a 
mooring-ground hy vessels arriving after high-water of neap-tides. 
It was so used by the “ Great Western,’* the pioneer of ocean 
steam traffic, whose moorings still exist to mark the spot. Below 
Hungroad the river flows in a comparatively straight lino past 
Avonmouth Dock, and finally sweeps round to join the deep-water 
channel of the Severn. 

Up to 1809, so far as known, the river remained much in its 
natural state ; and the vessels wliich fre(piented the port lay 
aground during low-water, generally in branch docks, which had 
been constructed for the })urposo of shielding them from the 
currents produced by the flowing and ebbing of the tide. Tlicso 
docks — “ mud docks ” as tliey were usually called, a name which 
clings to them, even yet — were constructed in the heart of the city, 
and are now used as berths for the smaller class of vessels. The 
principal branch dock is si)ecially worthy of mention, seeing that 
its construction dates back to the thirteenth century, and it must 
be regarded as a largo undertaking at so early a period. It con- 
sisted of the excavation of a trench through a meadow and marsh, 
2,400 feet long, 120 feet wide, and 18 feet deep, and was completed 
in the year 1247, about eight years having been oceuxued in its 
formation. 

In 1809, however, a floating-dock, designed by the late Mr. 
William Jessop and having an area of 03 acres, was formed by 
impounding the waters of the river where it flows through the city, 
a new and iini)roved course being provided by the excavation of a 
channel over 2 miles in length. A tidal basin was constructed ; a 
dam was thrown across the river at Netham, 3^ miles above the 
entrance basin ; and a feeder-canal was carried from the dam to 
join the u])per end of the dock. 

These works were carried out by a private company, in whoso 
hands the dock remained until 1848, when it was taken over by 
the Corporation, by whom a new and enlarged entrance lock was 
constructed, after the designs of the late Mr. I. K. Brunei. This 
lock, which still exists, is barrel-shaped in section, and contains 
the earliest example of lock-gates made in the form of caissons. 
Although the necessity of river-improvement had become urgent 
owing to the increase in the size of vessels, the question was 
allowed to stand over for a period. 

The natural features to bo taken into consideration in designing 
a scheme of improvements were as follow : — 

1. The rocky nature of the bed and banks, the difficulties of 
excavating which increase in jjroiDortion with the depth. 
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2. The very muddy nature of the tidal water, which tends to 
silt up rapidly any excessive enlargement which may be made in 
the sectional area of the river. 

3. The small volume of tidal back-water and especially the 
limited average volume of fresh water coming down from the 
country to scour out and keep open the low-water channel, on which 
in this case, the very existence of the river as a navigable channel 
depends. 

The second of these features has received a forcible illustration 
within recent years, by the silting up of the North Channel at the 
mouth of the river. The calculated quantity of the deposit within 
ten years (1865—75), over an area of about 50 acres, exceeded 
1,000,000 cubic yards. 

With regard to the third feature, the flow of the tide is prac- 
tically limited by Netham dam, only spring-tides rising over its 
summit, and the channel is narrow throughout the whole distance. 
The ordinary flow of fresh water in the river is very slight, and, 
during the summer months, the depth in the channel at various 
parts does not exceed 1 foot. 

It was not until 1864 that a general scheme was adopted and 
proceeded with, on the recommendation of the late dock engineer, 
Mr. Thomas Howard; the only work previous to this being the 
removal of about 70,000 cubic yards of rock and mud from Round 
Point and Tea-and-Coffee House Point, during the years 1852-55. 
Whilst the new scheme was under consideration, a contract was 
let for the removal of a large mass of rock from Tea-and-Coffee 
House Point. The quantity removed was over 140,000 cubic 
yards, most of which lay above the level of high-water. Owing to 
the presence of thin bands of clay between the beds of rock, several 
slips occurred when the beds were undercut, causing a considerably 
larger quantity to be excavated than was intended. 

Meanwhile, a private company had been formed for the purpose 
of providing dock accommodation at the mouth of the river for 
large ocean-going steamers, and, in 1864, it succeeded in obtaining 
an Act for the construction of a dock.^ Consequently, in preparing 
the scheme of river improvements, it was considered unnecessary 
to provide for the largest class of steamers, as these would no longer 
care to risk the passage up the river ; but, at the same time, it 
became evident that the new dock would prove a formidable rival 
for the ordinary class of vessels using the old city dock. Applica- 
tion was therefore made in 1864 for Parliamentary powers for 


* Minutes* of Proceedings Inst. C E., vol. Iv. p. 3- 
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river improvements and collateral works, for wldcli an Act was 
obtained in the following year. 

The collateral works consisted of a new and enlarged entrance 
lock to the tidal basin, and a junction lock between the tidal basin 
and the floating harbour, both of which have been constructed, 
each being 350 feet long by 62 feet wide at the coping. The sill 
of the new entrance dock was laid 3 feet deeper than that of the 
old, giving a depth of water of 33 feet at spring-tides and of 
22 feet at neap-tides. 

The scheme of river improvements finally decided upon was as 
follows : — Starting from the entrance lock with a depth of 2 feet 
below the sill, the deepening of the bed of the river was to be 
continued at a uniform rate of fall of about 1 in 2,200, an inclina- 
tion suitable to many parts of the natural channel, and which 
there was little doubt could be maintained when completed. The 
width of the bottom of the channel was fixed at 50 feet near the 
entrance lock, increasing at the rate of about 1 in 1,000, so that it 
would gradually attain the existing width of the lower reaches of 
the river, where little alteration would be required ; and the banks, 
where practicable, were to be formed to slopes of 1 in 4, which is 
about the natural slope of the mud in the upper parts of the river 
(Plate 3, Figs. 3-7). From the entrance lock for a distance of 
about mile down-stream, the line of the channel was laid off 
with a series of centre curves, varying in radius from 1,500 to 
2,500 feet, and joined by short straight lengths, cutting off portions 
of the five points previously enumerated (Plate 3, Fig. 1). When 
it is stated that the deep-water portion of the old channel consisted 
of irregular curves of not more than 600 feet radius, the importance 
of the improvements will be readily understood. The improve- 
ments of the lower part of the river were meanwhile postponed, as 
they wore not considered so urgent as those of the upper part. To 
provide a new cut for the river at Horse Shoe Point, it has been 
estimated that 750,000 cubic yards of material would have to be 
excavated, of which a considerable quantity is rock. 

When the contract for the construction of the new entrance and 
junction locks was let, in the beginning of 1867, the removal of 
the rock at Hotwell House and Round Points down to 2 feet above 
low-water level was included under it, and most of the stone used 
was obtained from this source. The quantities excavated were 

37.000 cubic yards of rock, and 1,000 cubic yards of mud and soil, 
from Hotwell House Point, and 61,000 cubic yards of rock, and 

63.000 cubic yards of mud and soil, from Round Point. 

At the same time, the excavation of the rock at Suspension 
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Bridge Point was begun, and as special care bad to be observed in 
connection with tbe work at this point, owing to the supposed risk 
of injury to tbe buttress of tbe bridge, wbicb was built upon it, 
this section was carried out by men working under tbe charge of 
tbe dock engineer. Tbe work extended over a number of years, 
and tbe quantity excavated above low-water was 49,600 cubic 
yards. 

Hitherto the whole of tbe work bad been confined to tbe portions 
of rock lying above tbe level of low- water, tbe main object being 
to open out tbe view up and down stream. A few years later 
(1872) a start was made to remove tbe rock below the level of 
low-water at Suspension Bridge Point, and, in consequence of tbe 
special character of tbe work, it was considered unadvisable to let 
it to a contractor. In carrying out tbe work it was absolutely 
necessary that tbe method adopted should not interfere with tbe 
navigable channel, wbicb, at tbe time of high- water, bad to be left 
clear for tbe passage of vessels. As tbe best means of doing this, 
it was determined to form a low-water dam in tbe bed of tbe river, 
so as to enclose tbe area of rock to be removed, tbe water being 
pumped out after tbe tide bad ebbed below tbe level of tbe dam. 
The blasting and removal of tbe rook could then be carried on 
during tbe time of low-water until tbe tide flowed again. This 
method has been adhered to throughout tbe whole of the work, and 
has enabled it to be carried out with great accuracy and certainty, 
as it precluded tbe possibility of any portion of rock being left in 
tbe bed of tbe new channel. 

Tbe level of the top of tbe dam was fixed at about 1 foot above 
tbe level of ordinary low-water, or 4 feet above tbe level of tbe sill 
of tbe now lock, tbe bottom of tbe new channel being about 3 feet 
below tbe level of tbe sill at tbe point in question. At first, old 
sugar-baskets and sacks, filled with stiff mud or clay, and bundles 
of faggots weighted with stone, gravel, and mud, were employed 
in tbe formation of tbe dam, but afterwards tbe top ridding over- 
lying the rock was found to answer tbe purpose admirably. For 
filling tbe bole, a trough or by-wasb was formed in tbe top of tbe 
dam, and fitted with a sluice-board, wbicb was withdrawn when 
tbe tide began to flow. 

Tbe pumping out of tbe water at Suspension Bridge Point was 
first attempted by means of band-pumps and baling with buckets, 
but these appliances soon proved insufficient. Recourse tv as next 
bad to screw-pumps, and with tbe aid of two of these tbe work was 
carried on during tbe next five years. Although these pumps 
rendered good service, they were very unwieldy for moving from 
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place to place, and the wear and tear were very great. At length, 
in 1877, an 8-inch Appold’s centrifugal pump was obtained, and 
this class of pump was exclusively adopted at a later period. It 
was placed in an iron Large, which also carried a 2-ton steam- 
crane, and a boiler for the supply of steam to the pump-cylinders. 

The excavation of the rock was completed in 1 880, the quantity 
removed from the area enclosed by the dam being 5,214 cubic 
yards. The causes of the work extending over eight years may be 
summarized as follow. First, the power of the pumps was so 
small, that although the space for the men to work in was con- 
tracted as much as possible, a considerable portion of the time 
available for working was lost in pumping. Secondly, drilling 
was almost exclusively done by hand, the rate being about 1 foot 
to 2 feet per hour. Thirdly, the stone was stored on the river 
bank at the outset of the work, until there was a barge-load, and 
it had then to bo washed and loaded by hand into the barge, a 
great deal of time being necessarily spent in breaking it up into 
small pieces. Fourthly, gunpowder was the only explosive used 
during the first five years the work was in progress. Fifthly, the 
only light available to work by at night was that afforded by 
oil-lamps, known as “ ducks.’* 

Two other disadvantages had to be contended with, but these 
applied equally to all subsequent work. One was the necessity of 
using light charges in blasting, owing to the proximity of the 
public roads and dwelling-houses ; the other was the tidal deposit 
of mud, which became very considerable when the work was 
stopped for a time by freshes in the river, and was occasionally 
still further augmented by slips from the surrounding banks. 

The experience gained in connection with the work at Suspen- 
sion Bridge Point was sufficient to show that much more powerful 
Xjlant must be obtained, in order to carry out expeditiously the 
extensive excavations remaining to be done at Round Point and 
Tea-and-Coffee House Point, the latter of which contained by far 
the larger quantity of rock. Accordingly, when it was proposed 
to commence operations at Round Point, in 1883, an engine-house 
containing air-compressing and electric-lighting plant was erected 
on the site of the Tea-and-Coffee House Point, for which it was 
intended afterwards to be brought into use. The iron barge, with 
the centrifugal jDump and steam-crane, was once more employed, 
and, a few months later, another iron barge was fitted with a 
14-inch centrifugal pump, a 4- ton steam-crane, and a boiler for 
supplying steam to the pumping-engine. Davits for the electric 
lamps were fitted up at the ends of the latter barge, the cable fium 
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the engine-house being carried along the bank of the river, and 
provision made for disconnecting it when the barge was afloat. 
Four rock-drills were also obtained, one Schram and three Eclipse, 
power being supplied by the air-compressing plant. 

On commencing the excavation of the rock, the accumulation of 
mud overlying it was removed, the dam formed, and a level surface 
prepared for the barges to ground on. One crane-barge was set to 
work at each end of the point. As the tide ebbed, each crane-barge 
wus carefully grounded beside the work at right angles to the 
stream, with an ordinary barge alongside for the reception of the 
stone. Whenever the level of the water cleared the top of the 
dam, the sluice-board was inserted in the trough or by-wash, and 
pumping was begun, the pump having been previously prepared 
for work, an operation which required only three or four minutes. 
The time occupied in pumping out the water was, under favourable 
circumstances, about twenty minutes with the larger pump and 
thirty-five minutes with the smaller. Drilling and blasting were 
then actively carried on until the flowing tide put a stop to the 
operations. As the work proceeded, low cross-walls, loosely built 
with the smaller pieces of stone, were carried across the hole, and 
the mud was allowed to silt ui> behind them, so that the amount 
of pumping might be kept within reasonable limits. The width of 
the hole, from the face of the rock to the cross-wall, was about 
8 feet, in order to allow the men to work round the skips, and the 
quantity of water usually amounted to about 50,000 gallons. The 
average depth of the new channel below the top of the dam at this 
point was 7 feet 3 inches, and of rock excavated, 3 feet 1 inch. 
The holes in the rock were almost invariably drilled by machines 
worked by compressed air or steam, and their direction was 
generally normal to the bed of the rock. Wherever practicable, 
gunpowder was used for blasting, dynamite being employed in the 
case of wet holes only. Twenty-one men were employed in con- 
nection with each crane-barge. 

With the improved appliances now available, the work at Bound 
Point progressed rapidly, being completed in two years (1883-85). 
During that period work was carried on by both barges for two 
hundred and ninety-nine tides, and by one barge only for four 
hundred and thirty-five tides, of which one hundred and nineteen 
were occupied in removing mud and debris only. The remainder 
of the time, amounting to nearly one-third, was lost through 
jbreshes in the river, the chief break occurring between December 
and April each year. The average time between the ebbing and 
flowing of the tide to the level of the dam was three and a quarter 
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hours, and the time during which the work of drilling and blasting 
was carried on averaged, as nearly as possible, two and a half 
hours, the remaining forty-five minutes being occupied in pumping 
and baling out the water. The total quantity of rock excavated 
was 4,996 cubic yards (8,730 tons), at a total cost of £4,623, or 
18«. 6d. per cubic yard (10«. 7d. per ton), details of which are given 
in the Appendix. The weight of the rook is taken at 145 lbs. per 
cubic foot. The presence of beds of millstone grit, and the great 
distortion produced in the strata by the Clifton fault, rendered the 
rock very difficult to blast. 

The greatly accelerated progress made at Round Point as con- 
trasted with Suspension Bridge Point, was due to the following 
causes : — Owing to the increased pumping-power available ample 
space was given for the men to work in ; drilling was almost 
exclusively done by machine-drills, the rate being usually about 
12 to 13 feet per hour ; the stone was loaded direct into barges ; 
dynamite was always available in the case of wet holes ; and one 
of the sections was illuminated at night by electric light. 

In giving a description of the crane-bargcs, reference will be 
made to one which was obtained about the end of 1886 for the 
excavations at Tea-and- Coffee House Point, the others being 
similar, but less powerful (Plate 4, Figs. 8-10). This barge 
is fully equipped, so that all the operations in connection with 
the excavation of the rock can be carried on by it, indepen- 
dently of the machinery in the engine-house. It is built of 
steel throughout, the dimensions being — length, 75 feet; breadth, 
21 feet 6 inches; and depth, 6 feet 6 inches. Five elm keels 
are carried from end to end along the bottom of the barge, 
and an elm fender is provided along each side, the fenders being 
further protected by convex steel bars. The barge is divided 
transversely by four water-tight bulk-heads, one bulk-head near 
each end, and the other two near the centre ; the middle compart- 
ment thus formed is further divided by two longitudinal bulk- 
heads carried up from the keelsons. The end compartments, 
which are decked over, serve as a cabin for the men and a lock-up 
for tools, and the main central one as a water-tank for supplying 
the boiler. The other two main divisions of the barge are left 
open, and are occupied by the boiler, pump, pipes, rock-drills, <fec. 
The inside of the barge is lined with creosoted yellow pine, 
2^ inches thick. 

Above the water-tank is a steam-crane, capable of raising a load 
of 5 tons at a radius of 21 feet. The crane is worked by a pair of 
honzontal cylinders, 8 inches in diameter by 12 inches stroke. 
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whicli are disposed so as to form part of the balance-weight. The 
jib can be swung through a complete circle and is constructed with 
plate sides, braced together by lattice-work, so that the man in 
charge may have a clear view of the load. The main framework 
of the crane is carried on four steel conical rollers running on a 
kerb ring of cast-steel, which is left free to revolve on the founda- 
tion plate, the inner face being made to gear with the jibbing 
pinion. The whole of the main gearing is of cast-steel, and the 
teeth are machine-cut. 

Close to the centre compartment and standing across the barge is 
an 18-inch centrifugal pump driven by a single cylinder, 15 inches 
in diameter by 12 inches stroke. The suction- and discharge-pipes 
from the pump are taken through the sides of the barge at the 
same level, the discharge-pipe being curved down to the sluice- 
valve, close to the outlet. All the flanges of the pipes are faced ; 
and the joints are made with a single layer of tarred felt, except 
those next the pump, which are made with india-rubber washers, 
% inch thick. The pipes, whore they pass through the sides of the 
barge, are enlarged and turned, and the joint is made by inserting 
Tuck’s patent packing, ^ inch in diameter, between the plating 
and a loose collar bolted to it, the latter being slightly checked to 
hold the packing. The suction-pipes leading from the side of the 
barge to the bottom of the hole, in order to be thoroughly adapted 
for the work, required to bo capable of being easily connected or 
disconnected, and to be somewhat flexible so that they might be 
placed to the best advantage at the deepest part of the hole. Both 
of these requirements are met by a series of bends with turned and 
bored spigot-and-socket joints, fitting each other accurately 
(Plate 4, Fig. 13.) 

These bends, three in number, are held together, when the pump 
is at work, by two bolts, 1 J inch in diameter, which pass through 
the centre of the pipes and bear upon shoulders cast on the bends. 
The crossing of the bolts is provided for by an eye formed in one of 
them, and the nuts are made with short handles so that they may 
be partially screwed up without the use of a spanner. The bend 
which projects through the side of the barge is permanently 
attached to the pump, and the other two bends, which are held 
together by one of the Ij-inch bolts, form part of the length of 
movable piping. This piping is kept aboard the barge, bolted 
together and with chain slings attached, and, when required for 
pumping, is lifted by the crane and hoisted over the side of the 
barge, the spigot and socket of the joint to be made having been 
previously smeared with tallow. The piping is held by the crane 
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in a horizontal position, so that the spigot and socket may he 
placed together and the bolt inserted. The joint is then securely 
made by screwing np the bolt, and the suction end is lowered to 
the bottom of the hole, the swivelling joints formed by the spigots 
and sockets affording a considerable range to the positions which 
it may occupy. Immediately the water has been pumped out of 
the hole, the pipes are again brought to a horizontal position by 
the crane, the bolt is removed, and tliey are once more safely 
stowed aboard the barge. The jirocess of connecting or discon- 
necting these pipes is extremely simple, and either operation can 
be performed in two or throe minutes. The suction end of the 
pipes is formed into a fan-tail, protected by a strong wrought-iron 
grating, the top of the fan-tail overhanging, so that the water may 
bo pumped out to as low a level as possible, without the necessity 
of providing a deep sump (Plato 4, Pig. 11). 

In one of the wings or small compartments alongside the water- 
tank is placed the dynamo, a series-wound brush-machine, which 
is driven by one of Heenan and Fronde’s Tower spherical engines, 
and gives a current of 20 amperes. The sjdiero is 6 inches in 
diameter, and the engine gives 4* <32 effective HP. when running 
at 900 revolutions i)or miniito with a steam pressure of 00 lbs. per 
square inch. The cable is carried in grooved lillets of wood along 
the sides of the barge to two 4,000 candle-power Brush arc lamps, 
one at each end. The lamps hang from short arms at tlie top of 
light spars, about 20 feet high, which are 2 )laced in sockets in the 
deck of the barge. Alternative sockets are provided for the spars, 
one on each side of the centre-line, so that the light can be thrown 
on either side of the barge. 

For the supply of steam to the engines, a 25-IIP. Bobey semi- 
portable boiler, which had been used elsewhere, was placed in the 
main after division of the l)arge, which it occuides almost entirely. 

The total cost of the barge, with all its machinery and equip- 
ments, was £2,G25. 

Shortly after the comjjletion of the work at Bound Point in 
1885, the extensive excavations at Tea-and-Coffoe House l^oint 
wore taken in hand, and for a time two crane-barges and a salvage 
tug, which is also specially adai)ted for the operations, were engaged 
upon the work there, the number of men employed T)eing about 
seventy. The total quantity of rock to be excavated below the 
level of the dam was 15,63G cubic yards, the whole of which 
was completed in the beginning of April, 1889, and in addition 
there were 57,470 cubic yards above that level, of which a large 
proportion has been removed. 

[the INST. C.E. VOL. XCVUI.] 
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At Pheasant Quarry Point, the work of forming a new channel 
consists chiefly of dredging, and the only portion of rock to ho 
removed lies well above the level of low-water. At Hotwell 
House Point, where the rock above the level of low-water has 
been excavated, there is practically none projecting into the new 
channel below that level, and it may therefore be said that, with 
the completion of the work at Tea-and-CofFee House Point, the last 
of a series of formidable obstacles to the navigation of the river 
will cease to exist. The full benefit of the iiiii>rovements will 
not be obtained until some dredging and training- work have been 
carried out ; but already their effect is observable in the decrease 
of accidents to shipping, though the size and number of vessels 
coming up to the old City Dock is annually increasing. 

In con( lusion, it may be mentioned that after the completion of 
Avonmouth Dock and another Dock at Portishead, which was con- 
structed about the same time, a ruinous competition set in between 
them and the old City Dock, ending in the transfer of both the 
new docks to the Cori)oration of Bristol in 1884. Notwithstanding 
this, the river improvements have been vigorously carried on, and 
a lai go amount of capital is at present being spent upon warehouses 
and internal improvements at the City Dock. With the improved 
access and increased accommodation which will shortly be provided, 
it may bo fairly assumed that Bristol will yet regain to some 
extent a leading position among the ports of the kingdom. 

The whole of the works executed since 1882 have been under 
the superintendence of Mr. John Ward Girdlestonc, M. Inst. C.E., 
to whom the Author is indebted for permission to bring forward, 
and for assistance in preparing, this Paper. 

l^Iio Paper is accompanied by three tracings, from which Plates 
J and 4 have been engraved. 


[Appendix. 
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APPENDIX. 


Details of Cost of Work at Round Point, 1883-85. 
Total quantity of rock removed, 4,990 cubic yards = 8,730 tons* 


Plant : 


Engine-house, with air-compressing 

and'k 

£ 

1,184 

0 

d. 

0 

electric-lighting plant, boiler, &c 

. 


Two crane-barges, with steam-cranes, pumps, 
&c J 

2,554 

0 

0 

Four rock-drills 

. 

. 

232 

0 

0 

Tools 

* 

• 

153 

0 

0 




4,123 

0 

0 

Interest and dciircciation, two years at 10 ytcr cent. • 


say 

Repairs and renewals of plant : 






Engine house and machinery 

. 

. 

62 

18 

10 

Crane-barges and machinc'ry 



133 

5 

9 

Rock-drills 

. 

, 

53 

18 

5 

Tools, including sharpening drill-bits, &c. 

• 

128 

7 

4 

Stores : 






Miscellaneous 

. 


118 

15 

2 

Coal (336 tons) 


. 

189 

0 

0 

Torch oil and cotton ...... 

• 

• 

49 

11 

6 

Explosives : £ 

s. 

d 




Dynamite, No. 1 . • COO lbs 0 

1 

0 

45 

0 

0 

Detonators .... 1,600 No „ 0 

2 

6 

2 

0 

0 

Blastiug-jKJwder . . 800 lbs „ 1 

17 

0 

14 

16 

0 

Double-tape safety fuse 235 coils „ 0 

0 

8 

7 

16 

8 

Gutta jiercha fuse . • 136 „ „ 0 

0 

9 

5 

2 

0 

Wages : 






Rockmen 

. 

. 

2,131 

7 

3 

Mudmen 

. 

. 

698 

11 

5 

Watchmen, bargemen, &c .... 


• 

434 

6 

8 

Total 






Deduct value received for rock (7,560 * 

tons 8d) 

• 

Net cost of work 

• 

• • 




£ 

800 


d. 

0 


378 10 4 


357 9 8 


74 14 8 


3,264 

4,875 

252 


4,623 0 0 


Cost per cubic yard = 18«. 6d. Cost jxjr ton = 10«. Id, 

* The remainder of the rock was used in building cross-walls to keep up 
the mud. 
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[Students^ Faper^ No. 250.) 

“Flexible Wheel-bases of Eailway EoUing-Stook.’^ 

By James Denis Twinberrow,^ Stud. Inst. C.E. 

A DIFFERENCE of opinion appears to exist as to the desirability or 
otherwise of retaining the wheel-base of rolling-stock rigid with the 
vehicle. Some engineers consider that the extra cost incurred in 
the construction of bogies and radial appliances is not repaid by 
the lower cost of maintenance of road and car, or by dispensing 
with nearly 50 i^er cent, of the buffers and couplings, and increasing 
the carrying capacity per lineal foot and per ton dead-weight. 
These advantages might be secured by the general adoption of 
bogies under all descriptions of stock ; but on the other hand^ 
English railways have been laid out to suit the four-wheel wagon 
of 8 to 12 feet wheel-base, and 6 to 10^ tons carrying capacity, all 
“ terminal facilities,” hoists and tips, being adapted to this un- 
scientific production; and thus a change in its design might be 
fraught with consequences too radical in their nature for the 
matured ideas of railway directors. 

The thoroughness with which American engineers have adopted 
the idea of the flexible wheel-base has resulted in practically the 
whole of their stock being so fitted, thus enabling roads to be laid 
through an undeveloped country in a cheap manner, allowing the 
payment of dividends with comparatively small traffic receipts. 

To obtain a correct rolling motion upon a curve it is necessary : 
First, that the outer wheel shall travel a distance greater than that 
described by the inside wheel by the amount the outer rails 
exceed in length the inner ; that is, if indei^endent rotation is im- 
possible, their diameters must bear the same ratio as the radius of 
the curve of the outer rail to that of the inner. In practice this 
relation never obtains, but it is in some measure x)rovided for by 
coning the treads of the tires, whereby the vehicle, flying to the 

' This communication \\as read and discussed at a meeting of the Students on 
the 8th of February, 18b0, and was awarded a Miller Prize m the Session 
1888-89. 
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outer rail in virtue of its centrifugal momentum, brings the larger 
peripher>^ to bear on that rail. 

Secondly, that the axles shall bo enabled to set themselves 
radially to the curve, the planes of their wheels forming tangents ; 
it is to api)roximate to this condition that the ai)pliances now about 
to be described have been introduced. 

In considering tlic magnitude of the losses duo to this imperfec- 
tion, it will be well to take a simple typical case of a six-wheeled 
vehicle, of total weight distributed as and on the loading, 

tho centre, and the trailing-axles respectively; and let d be the 
length from tho centre of the vehicle to tho tread of tlio leading or 
trail ing- wheels ; let this vehicle travel at a rate of v foot per 
second round a curve of r feet radius. 

If now in a certain time t tho distance moved bo vt feet, or 

^ ^ unit angles, then at the end of that time tho vehicle will 

occupy a position at an angle $ with its former direction, and this 
change will have been aocom])lishod by tlio lateral pressure at tho 
flanges causing rotation about tho centre, tho treads of tho wheels 
having to slide over tho rails through a distance d 6 for the loading 
c 0 (* 

and trailing, and — for tho centre jiair, - being the half distance 
between tho rail centres. 

Tho force required to produce this motion will bo evidently tho 
weight X eoeiheient of friction botweoii tho rails and tiro. 

Tho work expended in disj>lacing the leading and trailing ends 
is then 

(Wj + w^^f.d.e. 


0 T 

and is accomplished in t seconds ; but t — hence, in one second, 


^ foot-lbs. of work aro done against friction; to 
r 

Wn C 

this must be added the work done on the centre pair, — 

J V 

Hence ^x)utting c' for work is lost at the rate of 


/. V + w^ ) d -f w^ c'} 
r . 650 


This of course is subject to the assumption that the wheel treads 
are not coned, and that the frames are stift* enough to resist 
bending ; it is evident that this formula includes the loss due to 
the equality of the diameters on the inner and outer rails. 
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At 60 miles an hour on a 10-chain curve, with a 45-ton engine 
whose weight is symmetrically distributed on a 1 G-foot wheel-base, 
the loss is 31 HP., the coefficient of friction being taken at 0*2. 

This loss will be independent of any lateral play in the axle- 
boxes, provided the axles maintain their parallel position ; but 
sliding axle-boxes are very useful in lessening the intensity of the 
lateral pressure, which must otherwise assume great magnitude in 
the case of engines whose leading wheels have inside bearings at a 
part where the frames are of maximum stiffness, that is, just behind 
the cylinders. In considering the additional loss of work due to 
this cause, it is necessary to note that the instantaneous centre of 
revolution is at the point of contact of wheel and rail ; hence the 
radius at which work is done is very short, but it increases with 
the diameter of the wheel and the length of the engine’s wheel- 
base, since these dimensions determine the point of contact of 
the flange and rail in advance of the tread of the tire. This 
affords an explanation for the preference usually exhibited for 
wheels of moderate diameter for loading and trailing purposes. 

This loss may bo reduced to a minimum by i^roviding either 
axle with a radial box. In fact, flexibility at the trailing end 
appears to have much to recommend it ; the extra bulk is not ad- 
visable beneath the cylinders or motion l)ars, whilst under or at 
the back of the firebox there would be no objection to its presence ; 
the head of the engine would be kei^t into the curve instead of 
stretching across it, and the driving-axle would assume a more 
nearly radial j’osition. 

A third cause of increase of the flange pressure is the centrifugal 
force created by the momentum of the vehicle in virtue of its 
rotation about the centre of the curve. The centripetal resistance 
will act upon the flanges of the extreme wheels, whilst the centre 
ones bear against the inner rail as the engine lies across the curve ; 
and for this reason the treads of the latter are usually turned to 
a flatter cone, or else parallel, whilst the flanges are thinned. The 
pressure thus induced may be calculated from the well-known 

formula , m being the mass of the vehicle in lbs., 45 x 2,240 

fjr 

in the case of the engine before considered. 

Under the severe conditions there imposed, this would attain a 
value of 3G,9G0 lbs,, nearly 17 tons; but since this varies as the 
square of the velocity and inversely as the radius, at 30 miles per 
hour and on a 2()-chain curve, conditions more usual in practice, 
the value falls to 4,020 lbs. 

But the centripetal resistance may be wholly provided for by cant- 
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ing the rails so as to incline the centre line of the engine at an angle 

= tan-i centiifngal force vertical. A simple diagram 

mass oi engine ^ ^ 

will make this clear. 

For a speed of 30 miles an hour, and 20 chains radius, the angle 
4,620 1 

becomes tan — — = tan ^ under those condi- 

X 21 * o 


tions a super-elevation of 2 3 inches on the outer rail will entirely 
relieve the flange pressure due to centrifugal force ; but it is 
evident that in practice the cant is never sufficiently great to relieve 
the pressure induced by high velocities and small curvature. 

It is easy to plot a curve to denote the increase of super-elevation 
with (i) varying velocity, (ii) varying radius of curvature ; plotting 
values of the tangent of the angle of cant on the axis of //, and the 
values of the velocity on that of x, a curve is obtained governed by 
the relation y oc a;-, hence a parabola, with axis vertical. Faking r as 


the variable, the result is a curve whose locus is 
an hyperbola, when v is constant. 


y = 


, that is, 

U . 



Although one great cause of loss of work cannot bo obviated by 
any system of lateral freedom that maintains the axles in parallel 
positions, sliding-boxes for the leading wheels of express engines 
have found much favour in this country and on the continent, as 
they constitute a simple means of mitigating the otherwise severe 
stresses due to the lateral rigidity of the frames. The axle-boxes 
are usually placed on journals outside the wheels, and arc of 
ordinary type excex)t that the flanges are from ^ inch to inch 
clear of the horn-blocks, whilst their tojis are formed to inclined 
X)lanes meeting in a ridge at the centre, upon which is a solid cover, 
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provided with, flanges fitting close to the horns. Upon this the 
spring pillar rests, and will evidently be wedged up when the axle- 
box moves to either side of its central jjosition, thus bringing an 
increased weight to bear upon it, and forcing the cover home to its 
seat as the disturbing force ceases to act. 

The same system of wedges has been used to control four-wheel 
bogies ; they are called, from the name of their inventor, Bissell 
inclines. The chief objection to their use is that at high speeds 
the return of the toi) idanes to their lowest position is accompanied 
by a sharp blow, liable to loosen rivets and distort the framing ; 
the disturbance in the distribution of the weight is also an un- 
desirable feature. 

Occasionally angled horn-blocks have been x^^o^ided to enable 
the axle to set radially to the curve, but being hard to fit and 
reface they are not so usual as the jdain parallel type. 

The radiating apjiliance for single axles, as used in America, is 
known as the pony-truck, and consists of two ordinary axle-boxes 
sliding in guides attached to a short frame that forms the base of an 
isosceles triangle, wliose apex is towards the centre of the engine, 
and is secured by a i)in on the centre line. 

The truck in use on the Canadian Pacific Eailroad is constructed 
of two slabs, united at their ends by horizontal pieces resting on 
spiral sx>rings, two being 2>rovidod for each box ; the cross slabs 
sustain the weight by pairs of links inclining downwards and 
towards one another, connected at their lower ends to a casting 
which is ])rolongcd upwards through a guide attached to the main 
frames ; from the top of this casting a bolt passes vertically down, 
bearing in an eye the loading end of an equilibrium lover, which 
is attached at its other extremity to the hangers of the front driver 
springs. As tlie ti*uck moves laterally beneath the main frames, 
the up}>or ends of the links move in a horizontal plane, while their 
lower ends, being xdnnod to a casting that can only rotate on a 
vertical axis, tend to make the upj^er ends traverse arcs of circles, 
the outside one rising above the horizontal, the inside one falling 
below it. Thus if all j^ins are a tight fit no motion can take xdace 
without tilting the engine over towards the outside of the curve, 
or lifting the outer wheel of the truck ; but if the x)ins are free to 
give ” when not in tension, then the weight will be entirely 
transmitted by the inside link and the greater load imposed on the 
inner wheel ; also the tension in this link, acting in an inclined 
direction towards the centre of the engine, will, by its horizontally 
resolved component, draw the truck back to its central position, 
when the pressure on the outside flange ceases. 
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It is more general in American practice to find the links placed 
divergent towards their lower ends; this method secures the 
advantage of greater weight on the outside wheel on curves, hence 
the liability to mount the rail is lessoned. The centralizing effect 
is the same in both cases. 

The truck in use on the Pennsylvania Railroad carries the 
weight by means of vertical links attached to the extremities of a 
pair of transverse plate springs ; the links are formed with a T 
head, through which two bolts pass and bear on an ax)propriato 
casting ; each link then is virtually equal to two, one being inclined 
to, the other from, the centre. Thus the weight is always equally 
distributed on the axle, and smoother action is likely to result. 
This is the type of truck used under the Mogul engines on the 
Great Eastern Railway, but without conspicuous success, as, 
probably owing to the transverse springs, it is unable to control 
the “shouldering ” set up by the action of the steam in tlie wide- 
spread cylinders. 

In the bogie adopted by Mr. Hurry Riches on the Taff A"'alo line, 
double sets of links are 2 )rovided, so that tlicro is always a j^arallel 
l)air to transmit the weight symmetrically to tlie axles. 

One fault in the action of the pony-truck is that the axle, in 
swinging about the jnvot, dis 2 >lacos its centre line, so that the 
centre of the bolster casting is no longer vertically over it, and as 
the l)ottom ends of the inclined link rotate with this casting, whilst 
the toj) swing with tlie axle, the want of alignment must bo met 
by slackness of fit and the end jfiay of the Hides on their j)ins ; thus 
wearing surfaces are exposed to dust and racking strains are intro- 
duced. A cushion of rubber is sometimes inter 2 )Osed to permit of 
greater freedom. 

The single-axle truck, known in England as the radial axle-lx)x, 
owes its present neat form to Mr. F. W. Webb. As adopted 
by Mr. T. W. Worsdell, it consists of a deeii cast-iron trough, 
curved to a radius of 13 feet, inverted and provided at the ends 
with brasses fitting the axle-journals, each 11 inches long; it is 
placed between guides flanged from J inch steel plate and cold- 
riveted to the frames. These guides are stayed at the top and 
bottom, the stays in the latter jiosition carrying an elliptical check- 
spring of four plates to each side. Pins attached to the box just 
below the journals bear against the buckles, and compress the 
spring against jirojections on the stay carrying it, by an amount 
equal to the travel of the box in the guides ; the weight is trans- 
mitted by spring pillars standing on case-hardened feet, capable of 
sliding on grooves formed on the top of the box. 
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The objection to these radial axle-boxes is, that they add con- 
siderably to the weight not carried by springs ; they are also 
usually formed to a radius too long for perfect action. 

A consideration of the natural arrangement of the wheel-base on 
curves will demonstrate the most desirable radius, and the condi- 
tions necessary for a bogie to fulfil. 

Let A be the centre of the rigid wheel-base, and B that of the 
bogie or radial box ; in finding the position of least resistance, the 
centre line of the engine will become tangent to that of the curve 
at A ; similarly, the centre line of the bogie tends to the tangent at 
B ; the two centre lines intersect at C, midway between A and B. 
And the angle through which B has turned will be equal to 

— ^ ^ ; hence, if the centre guide be formed to the radius 

radius of curve 

TB, no provision being made for rotation about the centre, perfect 
action would result ; but upon entering a reverse curve C would 
fall inside it, hence CB could not be a tangent, and rotation about 
the centre is necessary in order to bring C virtually outside the 
new curve. 

In American four-wheel bogies, the lateral play is controlled by 
inclined links as described in the case of the pony- truck ; whilst the 
<*entre- 2 )iece is similar, but somewhat increased in size. The 
Standard Bcnnsylvania Railroad truck. Figs. 2, may bo taken as 
tyjncal of the class. 

It will bo noticed that the bogie consists of a rectangular frame, 
welded solid, of bars inches by inch, to the lower surface of 
which horn-blocks or pedestals are bolted. Fig. 3. No bracing 
whatever is introduced to keep the frame square, but two flat bars, 
4 inches by 1 inch, S 2 )aced 1 foot 4 inches apart, run from front to 
back. In no case are the joints checked on to one another, so that 
the 1-inch bolts take all the strain, and are liable to become slack 
and to wear oval holes in the framing. No j^jro vision is made for 
increasing the strength where the holes are drilled ; thus the joints 
are about 25 jier cent, weaker than the remainder of the bars. 

The journals are inches long by 4J inches in diameter, and 
the axles, in accordance with American jiractice, are 2 >lain 2 )arallel 
without the usual solid forged collars to transmit the lateral 
pressure, but which, it may bo added, waste much oil by throwing 
it off at high sjjeeds from their larger diameter, and cause an 
interruption in the modulus of elasticity of the axle. There is an 
inverted spring to each side of the bogie, as in England, sujq)orting 
the weight at its centre, and hanging by its extremities to girders 
spanning the axle-boxes. The spring hangers are extremely 
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primitive in form, being merely flat bars passing through slots in 
the ends of the springs, which have to be reinforced by keeping 
several of the plates to the full length. This, together with the 
reverse curvature adopted, tends to destroy the true spring action 
of uniform flexibility ; a cotter through the lower end of the hanger 
transmits the weight. 

The spring girders have a long bearing on the top of the axle- 
box, so that when one box rises independently, the load is taken by 
its inner top corners alone, introducing a tendency to turn the box 
in the horns, and to cause severe local pressure on the rubbing-sur- 
faces at diagonally oi>posite corners. The one good feature to be 
observed is that the various centre lines of the frame, horn-blocks, 
journal and sj^ring, are in one vertical x)lane. 

The “ Swing-bar’* bogie has been adopted on the Great Southern 
and Western Railway of Ireland, and on a few Ilritish lines ,* but 
in all cases it has been constructed with plate frames. In some 
examples two conical bearing s^^rings have been fitted to each box, 
neatly abutting on brackets cast with the liorn-blocks ; but it is 
doubtful if this typo of spring is a desirable acquisition. 

The simidost English bogie is perhaxJS that used under 
Mr. Stirling’s express engines. The frames are 1 inch thick, 
sx)aced 4 feet 0^ inch apart, and stayed by four cross-stays, 1 foot 
di inches to each side of both axles ; a cover-plate over the axles, 
secured by angle-iron, gives amx)lo resistance to racking strains. 
Two x>late stays 9 inches ai>art connect the centres of the two inner 
transverse stays, and carry a block bored out to receive a pin 
rigidly attached to the engine frames by an arrangement of jdate, 
rivets, and angle-iron. This juii is jdaced 3 inches behind the 
centre of the bogie ; thus, the wheel-base being 0 feet G inches, the 
leading- wheels have one-seventh less load than the trailing-wheels, 
which secures the advantage of gradual disj^lacement and comx)res- 
feion of the road as the increasing loads are ajqdied ; also, for the same 
angular movement, the leading-wheels traverse a greater arc than 
the trailing-wheels, which is imx>ortant, inasmuch as no jjrovision 
is made for lateral play ; nevertheless, such bogies cannot give 
results markedly sux)erior to those obtainable with a rigid wheel- 
base. A separate spring is provided to each box, hence the load 
has to be transmitted radially from the centre to each hanger, an 
office for which the rectangular framing is ill fitted ; but the evil is 
mitigated l^y carrying a portion of the load on brass steadying- 
plates on the to^) of the bogie frames at the centre. 

The Adams bogie successfully overcomes most of the objections 
urged against the foregoing type. As used on the London and 
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SoTitli-Westerii Railway, the frames are formed of H-inch plates, 
stayed 2 feet 6 inches apart hy two transverse channel i>ieees, 
riveted top and bottom to })lates attached hy angle-iron to the 
frames; ruhhing-pieces are attached to the upper surface and 
vertical faces of these channel bars ; and on the parallel guide thus 
formed there rests a cast-iron block or saddle, bored out in the 
centre to receive a hollow cast-iron trunnion, 7^ inches in 
diameter, bolted to a horizontal plate-stay, riveted to the frames 
beneath the cylinders ; the lower surface of the latter stay is faced 
to bear on the top of the saddle, thus providing a second rubbing- 
surface, subject to rotation about the centre, while the former ]>er- 
mits of a transverse rectilinear travel. 

An inverted spring on each side transmits the weight to a pair 
of girders fitted at their extremities with cast-iron blocks, having 
a transverse, semi-cylindrical recess on their lower faces ; convex 
projections, east on tlie toj) of the axle-boxes, fit into these, and 
thus allow great freedom of movement. 

The lateral play of the bogie is controlled by ])lato springs of 
2^ feet span, bearing with their buckles against the saddle, and 
having their extremities formed to slide against the bogie frames, 
thus tending to maintain a constant distance between the two. 

As this bogie was designed before the general introduction of 
cast steel into locomotive construction there is a large amount of 
riveting. This is undesirable, as the constant vibration tends to 
loosen rivets that have been closed hot ; on cooling they fail to fill 
the hole, and have only the friction, induced by tlieir state of 
tension, to depend upon to keep the joint absolutely tight ; on the 
otlier hand, cold-riveting necessitates coxinter-sunk holes, turned 
rivets, and expensive labour to close them. 

The frames are unnecessarily thick. Since the wciglit is carried 
direct from the centre of the spring, and is transmitted merely 
through the transverse channel-jueces, it is difficult to see wliat 
stresses can be brought to bear u]>on them sufficient to justify so 
lavish a distribution of material. 

A bogie, constructed on a similar principle to the above, is in use 
on the Caledonian Railway; the frames are arranged with tho 
horn-blocks outside, and are stayed by a single casting luiving 
a transverse channel in its centre, and ribbed so as to form 
an inverted U on each side of it. The upper faces of the latter are 
planed to form tho rubbing-surface for the reception of the saddle,, 
the lateral play being controlled by an outwardly curved si)ring on 
either side, and the tension adjusted by nuts on the hangers that 
pass back through appropriate brackets. The centre pin is attached! 
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to a plate 1 incli thick placed beneath the main frames, and riveted 
thereto by angle-iron. The whole is characterized by the neatness 
and simplicity of design that should always be the leading feature 
in locomotive construction. The central casting is of a form readily 
moulded, and yet of such shape that distortion is not probable, 
whilst a minimum amount of labour is required in fitting the whole 
together. 

When the lateral movement is rectilinear, the whole of the 
necessary angular displacement must be obtained by rotation about 
the centre pin ; this is accompanied by much frictional resistance, 
as the bearing surfaces are of large diameter, which necessitates 
a considerable pressure on the flanges of the trailing-wheels to 
bring the bogie back on leaving a curve, thus tending to lurching 
and unsteadiness. To obviate this, a bogie with a curved centre 
guide is used under the compound express engines of the North- 
Eastern Eailway Company ; but this guide is formed to a radius 
about the centre of the driving-axle, hence partial rotation on 
every curve is still necessary. 

This bogie is constructed practically entirely of steel, with 
5 -inch frames, spaced 2 feet 8 inches apart, and stayed by two strong 
stool castings with concave and convex faces, forming the centre 
guide for the saddle. The saddle embraces by lugs on its lower 
side an elliptical check-spring of 2 feet 6 inches span, against the 
buckles of which pins 2 inches in diameter, bolted to the inner side of 
the bogie-frames, abut and compress the spring against the opposite 
lug on the saddle when any lateral movement takes place. The 
spring is supported by a stay jdaced between the curved faces at 
the bottom ; all tlie rivets in the frame are of Lownioor iron, turned 
to a driving fit and closed cold. 

The advantage of the elliptical spring is tliat the same force 
produces double deflection without a corresi>onding diminution of 
strength. Figs. 4 and 5 show the lateral force necessary to produce 
the varying deflections in the case of the bogie with inclined links, 
and this spring-controlled arrangement. 

An extremely light and original form of bogie is in use on the 
Thy lands Railway in Denmark, under the trailing end of four-wheel 
coupled tank-engines. It is not provided with any centre pin or 
lateral guide, but is caused to follow an aj^proximately circular 
path by means of two horizontal links that connect it to the 
main frames, and so draw the bogie along. These links are 
inclined, the pins connecting them to the main frames being 
outside of those attached to the bogie frame, and further apart. 
Were these links parallel, the cross-centre line of the bogie. 




Minimum righting effort, tons; righting effort at 1] inch displacement, 9 tons. 

inclined, any such movement induces a rotative one about the 
centre ; hence by properly proportioning the length of the links 
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and their inclination, that motion is obtained which theory shows is 
required. It is apparent, Fig. 6, that the locus of the centre of the 
bogie is a curve convex towards the centre of the engine, hence it 
is drawn outwards when laterally displaced, but for moderate 
travel this is not serious, whilst an amount of angular motion can 
be obtained to correspond to the magnitude of the lateral play. 
In detail, the bogie presents no special feature excejit the provision 
of a transverse beam for equalizing the weight upon the two side- 
springs, an arrangement that adds considerably to the weight, 
increases the stresses on the framing, and renders the engine more 
liable to roll on a bad road ; as the weight is transmitted by the 
engine frames to sliding-shoes at the four corners, full advantage 
might be taken to reduce it to a minimum, and thus remove the 

Fig. 6. 

li'l 


iKi r 



I 


IjiTJOt-, tint anil dash, denote positions of longitudinal centre line of radial bogie. 

Coutiiiuoub lines „ ,, truiisverbo , Thj lands Railway bogie. 

The deflections being in opposite directions. 


most powerful objection to the use of a bogie beneath an already 
ponderous machine. 

Flexibility of the wheel-base is usually obtained in passenger 
stock by a bogie at either end of the vehicle, in the case of 
American cars the total depth from the window-sill to under- 
framo being used as a stiff truss to span the distance between the 
centres ; but the body-framing of English carriages, being a series 
of jiara Holograms witli open spaces for the doors, is of course 
useless for the purjiose, and under-trusses have been resorted to. 
On the London and North-Western Eailway, carriages are con- 
structed with a four-wheel rigid base of moderate lengtli, and a 
pair of wheels with radial boxes at either end. Many British 
Eailway Companies retain the six-wheel carriage as their standard. 
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This cannot be ranked as a flexible arrangement, as the only- 
attempt to meet this desideratum is made by allowing the centre 
pair of wheels to move laterally, and thus relieve the under-frame 
of strains that would otherwise quickly ruin it. The centres of 
the extreme wheels are 21 feet apart, hence it is not surprising 
that where such are in vogue guard-rails, and special chairs with 
tie-rods, &c., are freely used on moderate curves ; whereas heavy 
American sleeping-cars are safe on roads whose only lateral re- 
sistance is that afforded by two small spikes per sleeper. The 
Great Korthern Kailway Company is using a rigid wheel-base of 
32 feet 9 inches under passenger coaches. 

The four-wheel bogie is not now put under many passenger- 
cars, as, in case of one wheel meeting a depression or interruption, 
the bogie remains supported on three points alone, with its centre 
of gravity on the line joining two of them ; henco it is in unstable 
equilibrium. The use of six wheels gets over this, but of course 
adds to the weight and cost. The bogie adopted on the Midland 
Railway is provided with three pairs of wheels, 37 inches in 
diameter, spaced 5 feet 3 inches apart from centre to centre. The 
axle-boxes are outside, and spanned by girders, cranked down and 
carrying helical springs, spaced so that each one distributes half 
the load on one side, in the ratio of 2 to 1, between the end and 
centre wheels ; thus equal loading is obtained. In the more 
recent designs this arrangement has been supplanted by an inde- 
pendent laminated spring to each box. The S 2 )rings carry the 
main frames, of wood flitched with iron plates, which are stayed 
at the ends and also at each side of the centre wheels, the 
latter stays being provided with links inclined downwards and 
outwards, and coupled at their lower ends to a bolster that supports 
a pair of transverse elliptical springs at either end. On these 
rests a bolster of H form, built up of heavy timbers and flitch-plates, 
and carrying at its centre a concave casting for the reception of 
the centre pin attached to the under-frame of the carriage. 

A few wagons for special purposes, fitted with double bogies, 
form the only specimens of English goods stock with flexible 
wheel-base ; practically the whole of the stock is of the same typo 
as that in vogue forty years ago, the only improvements being 
embodied in the use of improved material and greater scantling of 
I)arts. In striking contrast to these cumbersome wagons are the 
neat Goodfellow and Cushman freight-cars lately introduced from 
America. In addition to the special features of their tubular under- 
frame, the simple construction of the bogies will repay considera- 
tion. Near either end of the car is a transverse trussed beam, 

[the INST. C.E. VOL. XCVIII.] X 
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carrying at its lower surface in tlie centre a concave casting. This 
casting is curved to a small radius, for the reception of a similar 
convex casting mounted on the top of the bogie bolster, supported 
at its extremities by helical springs seated on the ends of the tie 
forming the transverse connection between the bogie frames. The 
latter are formed each of two triangles of bar-iron, their bases being 
vertical on each side of the spring, and connected by a solid con- 
tinuation of the sides above and below ; the apices are elongated, 
and rest upon the top of the axle-boxes, to which they are attached 
by bolts on each side, passing down through a horizontal tie 
beneath the boxes. 

The triangular framing adopted dispenses with “bending mo- 
ments ” in its component parts ; the stresses may thus be easily 
estimated, and economical sections provided ; there are no horn- 
plates or rubbing-surfaces to wear or get set out of truth, whilst 
the removal of a single bolt on each side allows the axle with its 
boxes to be rolled out and removed for repair or for examination. 

This arrangement of double bogies is probably the best possible 
for carriages and wagons, as by placing them near the ends, the 
centre line of the vehicle forms a chord to the arc of the curve, so 
that the buffer beams do not project so far towards the outside as 
they would do in the case of a long vehicle forming approximately 
a tangent at its centre point. A single central buffer would also 
be preferable. 

Mr. M. N. Forney gives the following information respecting 
some American freight-cars : — 

Feet. Lbs Lbs 

Flat car, length, 34 ; weight, 16,000 to 19,000 
Box „ „ 34; „ 22,000 „ 27,000 

Meat „ „ 30 to 34; „ 28,000 „ 34,000 

The average weight of the American covered freight-car may be 
taken at 23,000 lbs., capable of loading 60,000 lbs. freight, or 
ratio of dead to live load ; a total weight of 73,000 lbs. on four axles, 
with slight possibility of any one getting undue load. To carry 
an equivalent quantity of ordinary freight, three English wagons 
would be required with a deadweight of 34,000 lbs., giving a ratio 
of nearly, a total weight of 84,000 lbs. on six axles, being a less 
weight per axle, but, owing to the increased liability of unequal 
loading and severe flange-pressure aiding the outside bearings in 
producing severe bending moment, requiring a stronger axle. 
There will also be three sets of brake-work, six sets of buffers and 
draw-gear, as against a double set in the former case; twelve 
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carrying springs against four of stronger type ; 50 feet of train- 
length against 38 feet, and probably 25 per cent, greater tractive 
force required. 

The weights of the English four-wheel wagons often far exceed 
that given above ; mineral wagons of 23,520 lbs. capacity weigh 
about 15,000 lbs. with a wheel-base often exceeding 9 feet; 
wagons of certain types occasionally run up to 17,490 lbs. dead- 
weight for a possible load of 17,920 lbs. (8 tons). Articles 
whose length much exceeds 16 feet require an empty wagon to 
run beneath their projecting part, to prevent possible contact with 
the load of a following vehicle. 

So long as the present high speeds, light trains with large pro- 
portion of dead weight, and costly repairs and renewals prevail, so 
long will English liailway Companies find it impossible to handle 
heavy freight in volume at low rates. 

The Author begs to acknowledge his indebtedness to Mr. M. R. 
Jefferds, for information respecting the Goodfellow and Cushman 
freight-cars, to which reference has been made above. 

The Paper is accompanied by several diagrams and tracings, 
from which the Figs, in the text have been engraved. 
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(^StudentB^ Pajper No. 245.') 

“ Experiments on the Strain in the Outer Layers of Oast-Iron 

and Steel Beams.” 

By Edward Caestensen de Segundo,^ Stud. Inst. C.E. 

It was the Author’s intention to describe these experiments in 
sufficient detail to enable any of the results upon which the 
opinions sot forth in the Paper are based, to be verified by reference 
to the text and to the Appendix. The Author found, howevei, 
that under these circumstances the Paper would assume prohibitive 
dimensions, and ho has been led to omit all but the absolutely 
necessary detail. 

As is well known, the values yielded by the ordinary formula 
for the strength of beams are not in accord with the results of 
practice, and this is the case for all kinds of material. The strength 
of a beam, as determined practically, is invariably greater than its 
theoretical strength ; it is therefore necessary that if the stress 
does vary as the bending moment throughout the span, either 
the material is capable of enduring a higher stress before rupture 
in virtue of being molecularly connected to less stressed material, 
or the material in the most stressed layer of a beam will ulti- 
mately only endure a stress equal to its tensile ultimate stress, 
and the formula itself is defective. It can bo shown that the 
first alternative is theoretically incorrect,-^ and it remains to be 
shown experimentally whether the second alternative obtains or 
not. For reasons above mentioned, the Author cannot discuss the 
various theories which have been built up to account for the 
anomaly; it will suffice to say that the Author entertains Mr. 
Claxton Fidler’s view that, as yet, no satisfactory exjdanation has 
been offered. 


* This communication was read and discussed at a Meeting of the Students 
on the 16th of November, 1888, and was awarded The Miller Scholarship in the 
Session 1888-89 

• “A Practical Treatise on Bridge-Construction,” by T Claxton-Fidler, 
M. Inst. O E. 1887. 
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Inasmncli as, in practice, tlie material in a structure is so 
disposed that the maximum stress in any part is well within 
the stress at which the limit of elasticity occurs, it might he 
contended that, if the formula give correct values within the 
limit of elasticity, it is as much as would ever he required of it 
in practice. Unfortunately, the limit of elasticity (Bauschinger’s 
definition), in a beam of ductile material, is reached at a calcu- 
lated stress which is found to hear a similar ratio to that at which 
the limit is reached in pure tension, as the theoretic rupture-stress 
to the fracture-stress. Hence it would appear that the sources of 
error in the formula become appreciable even before the limit of 
elasticity is reached in a beam. The discrepancy in the value of 
the stress at the observed limit of elasticity in bending is, in the 
Author’s opinion, due to a wholly different cause to that to which 
the discrepancy in the ultimate stresses is to bo ascribed. For 
were the limit of elasticity of a beam to be observed at the load 
.which corresponds to a stress in the outer layer equal to that at 
which the limit in pure tension is reached, it would 1)0 necessary 
that, ultimately, jdanes originally parallel to the linos of application 
of the forces acting on the beam, would assume a form more or 
less resembling the stress-strain tensile-curve of the material, 
according to the position of the chosen plane in the span. This, 
however, is not the case ; for, even in the neighbourhood of the 
fracture of a broken beam, the Author has observed that originally 
plane sections, although taking up a shape in accordance with 
Mr. Barrc de St. Venant’s theory, cannot be said to approach the 
form of the stress-strain tensile-curve, and the curvature of these 
planes is not visible until the material is very distressed. Thus 
no such condition as a period of increasing strain in the outer fibre 
of a beam without increase of load can possibly obtain as in pure 
tension hence the load, which would cause the deflection of 
the beam to increase in a manner out of all proportion to the 

* Tho poiiod of further extension without any increment of load, which is 
almost always observed in the tensile stress-strain curve, is i)ossibly duo to tlio 
following circumstances. A longitudinal extension is accompanied by a longi- 
tudinal separation of tho molecules proportional to c, tho extension, and a 
simultaneous inward jiressure. On tho distance between tho molecules longi- 
tudinally being increased, tho tendency for tho molecules to bo drawn in 
to fill tho s^mce must also increase. Now, should tho load bo released before 
the extension has been sufficiently grreat to admit of a complete transverse 
molecular flow, the power of cohesion will be able to assert itself in reducing 
the elongation of the piece. As the piece approaches its original length, an 
apparently permanent set would be observed, due to the squeezing out of the 
transversely intruded molecules not being fully accomplished. This, however, 
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increase of load, w6uld be snob as to cause the whole area of the 
section » except a narrow zone, to be gradually stressed to the limit 
of elasticity. This load would, of necessity, be higher than that 
at which the maximum stress in the section reached that corre- 
sponding to the tensile limit of elasticity.^ 

The foregoing remarks apply to ductile material. Such material 
as cast-iron has no limit of elasticity in the true sense of the word* 
In the Appendix (Table I, experiments A and B) will be found 
the details of an experiment on a cast-iron test-piece, designed 
to show if, at any point throughout the tensile life of the mate- 
rial, there was any indication of a limit of elasticity as defined 
by Bauschinger. It will be seen that, although the strains corre- 
sponding to the increments of load were measured by so delicate 
an instrument as Professor Kennedy’s extensometer to within a 
few lbs. of the ultimate load, there is no irregularity in the stress- 
strain curve which could be pointed to as the limit of elasticity.^ 
An examination of the elastic stress-strain curve yielded by this 
test-piece shows that the modulus of tensile elasticity diminishes 
very rapidly. The relation between stress and strain is practi- 
cally expressed as follows : — 

would only be a matter of time. At tho point of breakdown the distance of the 
molecules longitudinally must have increased sufficiently to allow of a transverse 
flow of molecules taking place completely, in which case a permanent elongation 
would result. It is evident that this flow cannot take place over every section 
tliroughout the whole length of tho piece, and it probably takes place at or in 
the neighbourhood of the section at which ultimately fracture ensues. Tho 
position of this section depends upon tho accuracy of the testing machine, and 
U}K)n tho degree of homogeneity of tho material. 

* Apart from tho difficulty of determining theoretically the limit of elasticity, 
it should also bo borne in mind that tho observed limit is influenced by many 
circumstances, such as the process of manufacture, and the subsequent treatment 
of tho material. Thus, as is well known, a piece cut from tho flange of a rolled 
joist yields at a less load than a piece cut from the web, and tho strength with 
the grain is different to that across the grain. Both the rectangular bar and the 
rolled joist which were experimented on were so twisted when they arrived from 
Middlcsborough that it was necessary to have them straightened before any 
machining could bo proceeded with. This naturally involves a stress in various 
directions greater than tho limit of elasticity. Thus the limit, as observed 
experimentally, is by no means the first and true limit ; and it becomes a question 
whether, in comparing tho limit of elasticity of a beam (as obtained from 
deflection observations) with the limit obtained by testing in pure tension even a 
piece cut from tho beam, it is not, in some cases, attempted to compare what is 
strictly speaking not comparable. 

* Tho subsequent experiment, designed to show the molecular reconstruction 
of the material by rest, also shows that tho last load at which the strain was 
measured in the first experiment must have been literally within a few lbs. of 
the Isreaking load (Table 1, Experiment O). 
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Liet E = the strain in l,000ths of an inch, P = the stress in 
lbs. per square inch, then E = P {(0*00081) + (0*00001) (P — 

, the equation to the curve being = constant. 

It follows from this that the neutral or unstrained layer of a cast- 
iron beam cannot always pass through the centre of gravity of the 
section, for it is well known that the compressive stress-strain 
curve of cast-iron is practically a straight lino.^ Thus the ordi- 
nary formula, which assumes that the moment of the compressed 
area about the neutral plane is equal to the moment of the 
extended area, must of necessity be inaccurate. 

It has been observed that originally j)lane cross sections of a 
beam of ductile material remain practically plane, after flexure; 
whether this is so or not in the case of cast-iron it is difficult to 
say absolutely, for although the Author attempted to investigate 
this, his efforts were necessarily limited owing to the nature of 
that metal. At a very high load, however, the Author could not 
detect any curvature of lines which had been scribed on the 
machined surface of the cast-iron beam under experiment. As- 
suming, therefore, that for practical purposes, at least, the strains 
throughout the section of a beam vary as the distance from the 
unstrained layer, it at once follows that whether the stress varies 
in like proportion or not will depend entirely on the degree of 
constancy of the moduli of elasticity. The following Table gives 


Stress. 

Instantaneous 

Stress. 

Instantaneous 

Modulus Tension. 

Modulus lension 

"Lbs. per 

Lbs. per 
Square Inch. 

Lbs per 
Square Inch. 

Lbs. x>er 

Square Inch. 

S<iuare Imh. 

2,000 

12,500,000 

16,000 

0,300,000 

4,000 

9,520,000 

6,000 

12,500,000 

18,000 

8,930,000 

11,100,000 

20,000 


8,000 

10,800,000 

22,000 

8,420,000 

10,000 

24,000 

8,218,000 

10,000,000 

12,000 

25,000 

7,844,000 

9,758,000 

14,000 




* Two experiments made by the Author in this direction corroborate this 
(Appendix, Table I, experiment D, and the second Table of the “ Supidementary 
Experiments on Cast-Iron 
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the instantaneous modulus of elasticity in tension of a cast-iron test- 
piece cast from the same ladle as the beam in question from which 
the serious degree to which the assumptions made in the ordinary 
beam formula are impaired, in the case of cast-iron, is apparent. 

From this it follows that the stress corresponding to half the 
strain on the outer layer is more than half the stress in the outer 
layer, and so forth, as the following Table shows : — 


Distance from 
neutral layer. 

Stress in Lbs. Fercentap^e of 
per Square .stress in outer 
Inch. layer. 

1 

Ditto accord- 
ing to Hooke’s 
Law. 

Maximum. 

25,000 

100 00 

100 00 

i 

19,900 

79*60 

75 00 

1 

i 

14,100 

.56*40 

50*00 

i 

7,800 

31*20 

25 00 

i »» 

4,200 

16*80 

12*50 


The shifting of the neutral plane, which of necessity occurs, 
owing to the inconstancy of the tensile modulus, and the constancy 
of the compressive modulus of cast-iron, would of course alter the 
area of the section which resists by tension ; and it is perhaps 
worthy of notice that the percentage of increase of area of the 
equivalent figure in tension for a given percentage of displacement 
of the neutral layer in beams of equal sectional area, but of different 
forms, is similar to the increase of the discrepancy at the ultimate 
stress for corresponding sections, as will be seen by the following 
Table. 


Form of 
Section. 

Proi>ortionttte 
Increment of 
Eqm\alent 
Figure of Equal 
Percentage of 
Displacement of 
Neutral Axis. 

Area of Section 

Area of Equi\ alent Figure 

I 

1*00 

1*33 

0 

2*05 

2*00 

o 

2*50 

2*33 


Cast-iron beams of these sections would invariably, under normal 
circumstances, fail on the tension side. 
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A question, naturally suggested in regard to the tacit assumptions 
made in the ordinary formula for beams, is whether it is justifiable 
to suppose that an elemental area in any part of the section offers 
a resistance which depends only on its absolute position in the 
section, and is not affected by the position it is in relative to the 
distribution of metal throughout the section ; thus the elemental 
areas A a, A a (Fig. 1), are by the for- 
mula supposed to be of equal value in Fio 1 

resisting the bending action of the load 
on the beam. This is manifestly inac- 
curate, as the flanges of a girder are under 
somewhat similar conditions, when the 
beam is loaded, to those under which 
Mr. Barlow’s well-known experimental plate was tested. This 
fact the Author has further shown experimentally, by measurement 
of the strains along the centre, and along the edge of the flange 
of a girder.^ 

That the assumption above mentioned is unreasonable seems to 
be clearly shown by the following consideration : The modulus of 
the section (which, other conditions being equal, is a measure 
of the strength of a beam) of a beam of 3 inches square cross 
section is 4*5. If, however, a rib be affixed of the dimensions in 
Fig. 2, the value of this modulus sinks to 3 • 64. 

Thus the anomalous result is obtained that, 
although the material in the beam has been in- 
creased, and the beam considerably stiffened, 
according to the ordinary formula the beam is 
weakened. Pushing this to a logical conclusion, 
the strength of a beam may be reduced almost to 
zero by a sufficiently deep rib. Without entering 
into a discussion as to what would happen were a 
beam with two very deep ribs tested practically, 
it may safely be said that the theoretical formula 
fails in this instance because of its inapplicability 
to the case. It is interesting to note that this 
type of section is similar to the cruciform, in 
which the discrepancy between the formula and practice is greatest, 
while the inverse type of section, namely, the girder section, is 
the one which yields results most nearly in accordance with the 
formula. A little consideration will show that this is so because, 
during flexure, the material throughout the girder section is 


Fig 2. 



full size. 



Appendix, Table II. 
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stressed in a manner complying more than is the case in any 
other forms of cross section, with the assumptions included by 
the formula. Thus the Author risks little danger of contradiction 
in asserting that the form of cross section influences the distribu- 
tion of stress throughout the section, particularly at high stresses, 
and that this fails to be taken into consideration by the ordinary 
formula. The fact, that the ratio of the bending moment to the 
modulus of the section is not necessarily an accurate measure of 
the stress existing in the outer fibres of a beam, is demonstrated 
by the following consideration. The formula for the deflection of 
a beam is 

1 

12 


where S — — , 
z 

li = span, ' 

E = modulus of elasticity in tension, 

y = distance of centre of gravity of section from the fibres 
in tension. 


Consider two cast-iron beams of double tee, with equal flanges 
and of rectangular section, each 3 inches deep, cast from the same 
ladle and tested on the same span. Here SLE and y are the 
same in each case,^ therefore, according to the formula the ultimate 
deflection should also be equal in each case, which is well known 
not to be. 

Arguing from the principle of work, the following formula is 
easily obtained for a rectangular section ; — 


where 


Strain ^ 


2 W 8 Li (1 -f- a) 
6dET(a^i8 + l) 


#c V ws. 


W = load, 

8 = deflection, 
Tj = span, 
h = breadth, 
d = depth, 

K = a constant. 


Et = modulus of elasticity in tension ; 
a = ratio of specific compression to 
specific extension ; 

p = ratio of compression modulus to 
tensile modulus. 


The degree to which the calculated values of the strain on the 
outer fibres of a rectangular bar of cast-iron agree with those experi- 
mentally determined, will be seen from Table III in the Appendix. 


* The fact that S is the same in each case is shown experimentally, and 
referred to in the dcsciiptien of the experiments (Appendix, Table VI). 
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Measurements of the Strain in the Outer Layers 
OF Beams. 

In order to ascertain in how far the conditions assumed in tlie 
formula were realized in practice, the Author, in January and 
February, 1886, made a large number of experiments, with the 
above-mentioned object, on a cast-iron bar,' whoso finished size 
was 63 inches by 2 inches by 1 inch.^ Three test-j>ioces were also 
cast at the same time for the determination of the modulus of 
elasticity and ultimate strength. The apparatus, employed for 
the measurement of the strains of the outer fibre, was arranged 
to indicate the increment of the arc. The mechanism was of 
extreme simplicity, and the exaggeration was attained by an 
arrangement exactly similar to that emi^loyed in the Ashcroft 
Autographic Extension gear.^ It is, therefore, not necessary to 
enter into constructive detail, and it will only bo pointed out that 
it was determined that no fictitious extension, due to the moving 
parts of the gear, existed in the scale-readings. 

The beam was treated in two ways. It was tested as 2 inches 
deep and 1 inch broad, and as 1 inch deej) and 2 inches broad, ^ 
and identical sets of experiments were made with the bar in both 
positions. Thus the behaviour of the outer fibre is observed when, 
though subjected to the same calculated stress, it is deflected 
through a different distance. Fine lines were drawn over the 


' The Author -wiahes to exprcbs liis indebtedness to Proft ssor A. B. W. 
Kcnnedy for his kindnoss in placing at liis disposal for thf‘st' c‘Xi)eriiueuts tho 
new testing macl]ine, BiK*cialiy dcbigned by Professor Kennedy for exi)eriment8 
of this description. 

* The cast dimensions were 63 inches by 3 inches by 11 inch, a largo amount 
being allowed for planing in order to ensure tho thorough remo\al of tho outer 
skin and any porous material. 

* Minutes of Proceedings Inst. C E., vol. Ixxxviii. p 30. 

* The forces acting on the beam in the ti'sting machines arc vertical. For 

convenience, in future reference the following contractions will bo used : — 
Q to denote the beam when tested as 2 inches deej), and to denote tho beam 
when 1 inch deep, the depth being measured in the plane of the forces acting 
on tho beam. Also as tho bar was tested on several different spans, such a col- 
lection of symbols as this : — 60 CHI will mean that the conditions of test- 

ing were (i) a span of 60 inches ; (ii) beam lying flatways; (iii) tho load applied 
equally at two points symmetrically disposed about the centre of the span. Also 
the expression “ double loading ** will be synonymous with the conditions men- 
tioned in (iii), and single loading will indicate that the load is axqDlied at tho 
centre of tho span. 
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lateral surface of the beam perpendicular to its length, at a 
distance of 5 inches from each other, and the extensions of each 
10-inch length were measured, the deflection at the middle of these 
lO-inch lengths being observed simultaneously. This was repeated 
with the beam in both positions on spans of 60 inches, 60 inches, 
40 inches, and 30 inches. In order to determine the quantity 
analogous to the specific extension of the material, the Author 
caused the load of the machine to be transmitted simultaneously 
to two points, each 5 inches distant from the centre of the span. 
The effect of this is to produce a constant bending moment between 
the two points. The extensions of the outer fibre, between the 
two points of a 2 )plication of the load, were observed on a 60-inch 
60-inch, and 40-inch span in both jiositions [] and EZI and on a 
30-in oh span in this position CD only. 

The method of conducting the experiment was as follows : — 
With double-loading, successive equal amounts were added, until 
a calculated stress of 20,000 lbs. per square inch was developed in 
the outer fibre. The load was then released and the set noted. Sub- 
sequent sets of readings were taken between the same limits until 
the extension at the time was elastic. Then other readings were 
taken from which the curves, Plate 5, Fig. 1, have been 2 )lotted. 
The same method was adopted on all spans both with double and 
single loading. When these series were complete, experiments on 
the extension of the outer fibres at high calculated stresses, up to 
35,000 lbs. per square inch, were made to correspond with similar 
experiments in sim 2 )le tension. Then the beam was broken on a 
sjian of 60 inches in this position CZD, and another series of experi- 
ments made in an exactly similar manner on the halves, one being 
eventually broken so CD and the other so []. Nearly 2,000 observa- 
tions were made on this cast-iron bar alone, but only a summary of 
the figures is given in the Appendix, Table XVII- For the 2 mr 2 >ose 
of further information respecting the behaviour of tho outer fibre 
in ductile material, the Author carried out some similar experiments 
on steel bars^ of circular, rectangular, and double-tee cross section. 
For these experiments the Author designed the mechanism 
described in the Appendix. 

The Author repeated Hodgkinson’s experiment upon tho diminu- 
tion of tho tensile modulus of elasticity of cast-iron as the stress 
increases, in order to obtain the amount of this diminution for the 
iron in question. The specimen (one of the three mentioned before. 


* Dimensions in Appendix. 
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which were cast from the same ladle as the bar) was turned so as 
to remove the skin, and was frequently tested between the limits 
0 and 16,000 lbs. per square inch by Professor Kennedy with the 
autographic-diagram apparatus, with a view to the nieasurement 
of the “time effect” on cast-iron. Subsequently, the Author 
continued the experiment with Professor Kennedy’s lever-extension 
gear,^ between the limits of stress 0 and 25,000 lbs. per square inch, 
the higher limit being within 500 lbs. per square inch of the 
breaking-stress of one of the other turned test-bars. When, after 
repeated testing between these limits (the usual phenomena pointed 
out by Bauschinger* obtaining) the extension became relatively 
wholly elastic, readings were carefully taken on both sides of the 
piece, the mean values of which are quoted in the Appendix.^ 
To compare the behaviour of the iron in compression with this 
result, the Author prepared a cylinder, 4 inches long, and 1 inch 
in diameter,^ which was subjected to a compressive-stress of 
40,000 lbs. per square inch. The specific clastic compression 
remained fairly constant, that is, no distinct increase or decrease 
was manifested as the stress increased. Hence, if sections do 
remain plane after flexure, it follows that the position of the 
unstrained plane will be known if the intensity of stress on either 
side of the beam be known. For (Fig. 3) considering B C to be 
the position taken up by the A D after flexure relatively to its 
contiguous section. 

Fig. 3. 


O A A B 
O 13 ” C 13 ’ 

O A _ A B 
’ ’ " A 13 “ A B + C 


A D = depth = d. 


AB here rei)rcsents the degree of compression = r, 
C 13 the degree of extension = e. Thus the neutral 

from the compressed side, and 


axis is distant d 


c + e 

from the extended side. 



e -|- c 

In Plate 5, Fig. 1, are plotted all the elastic curves obtained 
from the extension of the outer fibre which are comparable 
with the tensile stress-strain curve. These curves are plotted 


^ Minutes of Proceedings Inst. C E , vol. Ixxxviii. 

^ Mitthcilungen aus dem Mcclianiscli-tecliniBchcn Liaboratorium zu Munchen. 

* For details see Appendix, Table I, Exj[)criment8 A and B. 

* Ibid., Table I, Experiment D. 
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to a horizontal axis of values of — , and it will be seen that 

z 

the degree of coincidence with the tensile stress-strain curve 
varies. The curves which approximate most are 40 Q and 
30 cm as far as a calculated stress of 20,000 lbs. per square 
inch, while the others have a less slope. It will be noticed that 
for the same span the curves agree fairly witli each other for 
both positions (60 [] \j/ and cm and 50 Q and cm). 

Curves 40 4^4^ D and cm are somewhat discrepant; 30 ‘^4^4' 
agrees fairly with 40 and consequently with the stress- 

strain curve. The extensions and deflections have been plotted, 
Plate 5, Fig. 2, of 60 ^ cm and [] , and 30 cm and [] as far as 
32,000 lbs. per square inch ; ^ 60 cm and both the curves on 
the 30-inch span are continued to rupture. Curve 30 cm rises 
rapidly and at rupture exhibits an extension on the outer fibre 
of 0*027 inch, which corresponds to a mean stress over the 
10 inches of 11*4 tons per square inch. Curve 60 cm shows 
an extension at rupture of 0*033 inch; and 30 [] shows an 
extension of 0*0318 inch, corresponding respectively to mean 
stresses of about 13*5 and 13*2 tons per square inch.^ Table V 
in the Appendix seems to show that the localization of stress 
under the load diminishes as the span decreases ; thus it might be 
assumed in the 30-inch span that the stress is fairly evenly distri- 
buted to some little distance on each side of the section imme- 
diately under the load. Jiiit even were the stress to vary as the 
bending moment up to the centre of the span, the specific exten- 
sion immediately under the load would bo for the largest amount 
exhibited in the experiment, namely, 60 m yj/, 0 *033x1^ = 
0*0363 inch; whereas, if the stress-strain curve be continued, an 
extension of about 0 * 045 inch would correspond to a calculated 
stress of 36,000 lbs. per square inch. 

A number of experiments wore made upon the amount of strain 
in the outer fibres under loads approaching the breaking-load. 
There being nothing remarkable about the results, except that 
they are analCgous to the stress-strain curve of the material in 
pure tension, the figures will not be quoted. The results in the 
following Tables will be sufficient. 


M 

' These stresses are values of for the outer fibres in all cases. 

z 

M 

» The value of - at rupture is respectively 36,000, 36,000, and 35,500 lbs. per 
square inch. 
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A. Span = 60 Inches. 


Lond at 
Middle of 
Span 

Stress 
(= “) 

Extension on 
Middle 10- 
inch Length. 

Deflection. 

Lbs. 

0*00 

Lbs per 
Square Inch. 

Inch. 

1 itcto 

0-00 

Inch. 

0 00 

755-48 

34,000 

31-17 

1*85 

799-98 

36,000 

33-53 

1-97 


The beam was tested in this position It held np for an 
instant at] 36,000 lbs. per square inch on the outer fibre (calcu- 
lated), then broke before readings could bo taken. Those quoted 
are deduced from the behaviour of the beam during the experi- 
ments at high loads above-mentioned. 

B Span = 30 Inches Aj 


RuirruRE of One-Half in inis Position i > 


Load at Middle 
of Span. 

Stress. 

Extension on 
Middle 10-inch 
length. 

Deflection. 

Lbs. 

0-00 

Lbs per 
Square Inch. 

_ ' Inch. 

X Ull > 

0-00 

Inch. 

0-00 

888-88 

20,000 

15-41 

0-30 

1,065-65 

24,000 

19-53 

0-37 

1,244-42 

28,000 

23-05 

0-43 

1,333-30 

30,000 

25*40 

0-45 

1,422-18 

32,000 

27-41 

0-48 

1,511-06 

34,000 

29-53 

0-50 

1,599-94 

36,000 

31-99 

0*53 

0-00 

0 

4-23 set 

0-05 

1,599-94 

36,000 

27*06 

0-58 


The beam held up at 36,000 lbs. the second time just long 
enough to enable readings to be taken, rupture ensuing almost 
immediately. 
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C. Span = 30 Inches. 

Bupture op the Other Half in this Position []• 


Load at Middle 
of Span. 

Stress. 

Extension on 
Middle 10- 
inch Length. 

Deflection. 

Lbs. 

000 

Lbs per 
Square Inch. 

Inch. 

"“‘*0-00 

Inch. 

0-000 

1,777-77 

20,000 

15-29 

0*017 

2,133-32 

24,000 

19-29 

0-020 

2,488-87 

28,000 

22 -.58 

0-022 

2,060-04 

30,000 

24 70 

0-023 

2,844-41 

32,000 

26-23 

0-024 

3,022 28 1 

34,000 

28 82 

0*025 

3,200-05 j 

36,000 

31*76 

0*030 


The beam held np at 36,000 lbs. per square inch just lon^ 
enough to enable the readings to be taken. 

The breaking loads of the remaining pieces of this beam on a 
simn of 15 inches will be found in the Appendix, Table IV. 

Of course, in experiments of this nature, it is impossible to 
arrive at the elastic extension at rupture. 

In order to arrive at some definite conclusion as to the behaviour 
of the outer fibre in compression, and also to corroborate the results 
obtained with the very simple form of extensometer used lin the 
experiments just described, the Author carried out a further set 
of experiments.^ In these corroborative experiments on cast-iron 
the same delicate double extensometer was used as in the experiments 
on steel ; only, owing to the nature of the extensometers, the 
observations could not be carried to so high a load as with the 
simple mechanism. The results, or rather as many of the results 
as affect the point under discussion, are plotted in Plate 5, Fig. 6. 
From these it is evident that the behaviour of the material is 

* Soo account of supplementary expeiiments on cast-iron in Appendix, on 
another machined cast-iron bar, which, together with three tensile test-pieces 
and one test-piece for compression, were specially prepared for these experiments 
after the experiments on steel (described later in the Paper) had been made. 
For these experiments the same testing machine was used as for the experi- 
ments on steel to be described later. 
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correctly interpreted hy the formula M = S 2 r, even under a varying 
bending moment. From this it might be argued that the strain at 
rupture should correspond to the calculated stress. Practically, this 
is not the case ; the reason for this, in the Author’s opinion, is 
that the stress over the length upon which the strain was measured 
is differently distributed in different forms of cross section, being 
more or less evenly distributed as the form of the cross section is 
cruciform or double tee. The formula assumes that tlio intensity 
of stress varies directly as the bending moment, and therefore 
becomes a maximum immediately under the point at which the 
load is ai)plied. It seems almost only common sense to assume 
that the degree in which this is true practically will be governed 
by the form of cross section, and that the real maximum stress in 
the beam will numerically fall short of the ratio of bending 
moment to the modulus of cross section, in the proportion that the 
stress conditions for some little distance on either side of the 
section on which the load is acting approach those of the beam 
when loaded, so as to cause a constant bending moment to obtain 
over the distance. 

From this it is clear that the position of the neutral plane 
cannot be calculated at fracture unless the strain is actually 
measured ; although, throughout the greater part of the life of the 
beam, the relation between the strain and the corresponding ratio 
of bonding moment to the modulus of section is identical with 
that of the tensile stress-strain curve. Assuming that the real 
mean intensity of stress in the neighbouriiood of the section im- 
mediately under the load is that corresponding to the same strain 
in the tensile stress-strain curve, the following positions of the 
neutral jdane at rupture can be calculated for the three cases of 
rupture in the foregoing experiment. 


For 60 CD ' 

extension at rupture 

extension at rupture (specific compression x stress corros 2 )ond- 
ing to extension at rupture). 


0^033 

0-033 -f 0-00068 X 30,500 


0-614 of depth of section. 


30 


“'J'-oT 


0-027 


027 -f 0-00068 X 25,500 


= 0-609. 


30 □ 0M)318 _ 0-613. 

^ 0-0318 -f 0-00068 x 29,600 
[the INST. C.E. VOL. xcvin.] 
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In order to investigate the ultimate effect of a load applied at 
two points in the span equidistant from the centre, the Author 
had twelve specimens cast in cast-iron, four of double-tee section, 
four of rectangular section, and four of circular section. Owing 
to unsoundness, those of circular section are valueless. The results 
yielded by the others, two of which in each case were tested with 
the single knife-edge, and two wdth the double knife-edge, were as 
follow : — 

The beams were approximately 2 square inches in section. 


Span. 

]>i8taDce 
apart of 
the two 
Knife-edges 
in Double 
Loading. 

Single or 
Double 
lading. 

Breaking 
Load per 
Square inch. 

Ultimate 

l^cllection. 

Section. 

Inches. 

36 

Inches. 

m 

douhlo 

Lbs. 

3,960 

ineb 

0-42 

rectangular 

»» 

99 

double 

4,020 

0*45 

99 


99 

single 

2,765 

0-37 

99 


99 

single 

2,500 

0-30 

99 

» 

99 

doubl<‘ 

6,800 

0*19 

joist 

99 

99 

double 

7,840 

0*22 

>» 

99 

99 

single 

6,530 

0-22 

99 

99 

99 

single 

5,880 

0*21 

99 


In the case of the double loading, a constant bending-moment 
exists between the two points at which the load is applied. 
Hence, theoretically, all slide in the section is got rid of ; and it 
might be expected under these conditions, that the stress as mea- 
sured by the ratio of bending moment to the modulus of cross 
section at rupture, and the ultimate tensile-stress of the material 
should coincide. That is (using ^ to indicate single loading and 
double loading, and calling ratio of observed breaking-load 
to calculated breaking-load — 


4 , W36 


should = <f>. 


4^ 4/W22i 

Now, in the case of the beams of double-tee section, 


LbH. 


the mean W = 6,205 
the mean W = 7,320 
6,205 X 12 


and 


7,320 X 7*5 


= 1 • 35, which is about the value of in this case. 
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In the case of the rectangular beams, 


Lbs. 

the mean W = 2,033 ; 
the mean W = 3,990 ; 


and 


2,033 X 12 
3,990 X 7-5 


= 1 • 085, which is much under the value of for 
this case. 


These results seem to point to the probability that the stress, 
as the piece approaches rupture, becomes distributed more evenly 
on each side of the section immediately under the load in the 
case of the beam of rectangular section than in the beam of 
double-tee section. 


Steel. 

The specimens upon which the experiments wore made were 
of Siemens Martin steel, containing 0*20 per cent, of carbon. 
They were three in number; one of circular section, one of 
rectangular section, and a 5-inch rolled steel joist. They were 
kindly supplied to the Author by Messrs. Dorman, Long and Co., 
of Middlesbrough, who also were good enough to arrange that 
all three were rolled from the same billot.^ The beam of circular 
section was turned in order to remove scale ; the beam of rect- 
angular section was planed over the two sides on which exten- 
sions were to be measured, the other two sides were ground on a 
grindstone, and the top and bottom flanges and the edges of the 
flanges were planed. Test specimens for the determination of 
the tensile and compressive moduli, &c., wore prepared from the 
ends of the rectangular bar and the rolled joist (Ax)i)endix, 
Table VII). 

For the determination of the strains, a different measuring 
apparatus was employed in these experiments to that used in the 
first experiments on cast-iron. It is shown by Figs. 9, and an 
explanation of the constructive detail is given in the Appendix. 
The weight of the pointer acts with the spring M, not against it, 
when the gear is fixed to the centre of the span. In any position, 
however, the curvature due to the deflection within the limit of 
elasticity is so small that no appreciable error is introduced owing 
to the action of the weight of the pointer. 

The vernier enables the position of the pointer on the scale to be 

The dimeiusions of all these specimens arc stated in the Appendix. 

y 2 
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read accurately to 0 • 005 incli, and by estimation to 0 • 0005 inch, 
corresponding to a real movement of 0*000005 inch. 


Figs 4 



Some explanation is needed of 
the way in wbicb the deflection of 
tbe beam at various points was 
measured. Of course, tbe type of 
testing - machine forms a very 
largely governing factor in tbe 
various devices adopted, so tbat a 
description of tbe macbine would 
not bo out of place ; it is now, 
however, a well-known type.’^ 

Two kinds of gear were adopted, 
one of the wbeel-and-axle type 
(Figs. 4), and tbe other consisting 
of levers (Fig. 5). On an examin- 
ation of tbe results, given by tbe 
first apparatus, discrepancies be- 
came ajiparent wbicb could not be 
ascribed wholly to tbe mucb- 
abused “ difference between theory 
and practice” — a difference, by 
the way, wbicb engineers should 
aim at removing. Feeling sure 
tbat tbe anomalous results were 
duo to strains in tbe testing- 


Fig 5 



* InBtitution of Mechanical Fngmeers. Proceedings, 1882, p 384 
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macbino itself, the second gear was adopted, in which the centres, 
on which the pointers turn, are carried by a stiff piece of tee- 
iron, resting on the knife-edges by which the beam is supported, 
thus ensuring that only the relative motion of the beam to the 
straight line joining the u])por edges of the supports shall be 
indicated by the pointers. This gear is of course not adapted for 
large deflections in the form in which it is shown in Fig. 5, but 
served its puri')ose very well for the moasurement of elastic 
deflections of these bars. The results thus obtained are in striking 
accord with theory.^ 

This conflicts with the prevalent idea that the transverse modulus 
is smaller than that obtained from tensile-tests. But it is not 
unlikely that the discreimncy, so often noticed, is entirely duo to 
careless or inaccurate testing. It is significant that experiments 
from the highest authorities never show this anomalj^ It is 
evident that, in the case of large ratio of sectional area of the 
beam to span, the compression of the material over the supporting 
knife-edges will constitute a vitiating element in the observations 
if taken in the usual way, whore the testing maehine, on account of 
its size, is assumed to bo rigid “ for all practical purposes.” The 
safest way of avoiding the disturbing tendency of strains in the 
machine itself is to decrease the ratio of sectional area to span, until 
the loads necessary to produce largo deflections are tolerably small, 
when the compression of the material over tlie supports and the 
strains in the testing-machine itself become inappreciable. 


Eesults or Experiments on Steel. 

The field covered by the experiments and the quantities measured 
will best bo seen by the accompanying diagram (Fig. 6) and 
Table. The capital letters denote the lengths over which strains 
were measured (on both sides of the beam). The figures denote 
the points at which the deflection was noted. 

In every case, excei)t when specially mentioned, both tensile 
and compressive-strains were measured simultaneously. The 

^ The agreement of theory and i)ractioo in this case docs not in any way prove 
that there is no slide in the section during elastic flexure, but shows that it is so 
small as to be inappreciable to the measuring instruments used by the Author. 

W /r*aj aj*\ 

There can only bo perfect accord between the results of y = 1 -g- ""22) 

the observed deflection, in the case of material whose resistance to shear is 
infinitely great. 
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meaanremetits were not taken on both sides of the beams as it was 
considered unnecessary,^ although these would be undoubtedly 
useful as corroborative detail. 

Fig. C. 



Beam op Eectangllab Section. 


80 ^ centre. 
80 yp A B C. 

GO ^ ^ centre. 


Deflections > 

2nd gear (lever type). 

CO ^ centre, 1, 2, 3. 


Eolled Joist. 


^>0 ^ centre. CO 

GO Ji Ji centre*, 1 inch from centio 
^ ^ lino. 

v|/ ” ’» 

80 ^ centre. 

80 A.B C. 

80 Ji extreme edge of compression 
^ flange. Compression only, 
space B. 

80 ^ contio lino compression only, 

^ measured on 70 inches. 

80 cxtiemo outer edge, comiires- 
^ Sion only, on 70 inches. 

GO ^ centie. 

Beam op Cuicular Section. 


60 ^ contre. 

60 vli A' B'. 


Deflections. 

2nd gear. 

60 ^ centre. 1, 2, 3. 


Deflections. 

2nd gear. 

^ centre, 1, 2, 3. 


* Both sides of the beam wore measured through one set of experiments, and 
the results yielded by each side were found to be identical. 

* For reasons before mentioned the indications of the flrst gear ha\e been 
rejected. 
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Owin^ to practical reasons, the strains were measured over 
lengths A', B', (Fig. 7) as shown in the case of the circular 


Fig. 7. 


jt b' a'. 

-7^ f 



beam, which are therefore distinguished as A' B'. The deflections 
were measured at the same points as in the foregoing cases. 

After passing the Limit op Elasticity. 

Strains only. 

limit. Bar straiglitonod, tlicn GO A. 

GO centre, time effect at several loads. 

J GO ^ ^ up to limit. 

GO centre, time effect at several loads. 

O ^ up to limit. 

GO ^ ^ time effect at limit. 


Bkmarks ox the Kesults of the Exj»eiiimexts on Steel. 

The results, recorded in the “ Summary of Results of Elastic 
Experiments on Steel Beams,” ^ show that within the limit of 
elasticity the ordinary theory of beams is correct, and that the 
ratio of the bonding moment to the modulus of the section is, in 
the case of elastic material, a correct measure of the stress obtain- 
ing in the outer layers. The manner of applying the load makes 
no difference; nor is there any reason why it should. It is 
evident that the existence of “slide in the section,” which the 
Author has shown to be visible by an experiment to be described 
later on,-* can only affect the transverse modulus (calculated from 
deflections), and cannot disturb the strain conditions of the outer 
fibre. 

In the summary above alluded to, the strains on the outer layers, 
which were measured on a length of 7^ inches, are reduced to 
specific strains, a quantity® introduced by Professor Kennedy. 


* ApiK»ndix, Table VI. * Appendix, p. 347. 

* Institution of Mechanical Engineers. Proceedings, 1881, p. 205. 
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Through the kindness of Professor W. C. Unwin, the Author had an 
opportunity of testing one of the tensile-specimens, cut and turned 
from the rectangular beam, with a very delicate mea^ring ap- 
paratus, which has been described by Professor Unwiiy^ It is a 
trustworthy and useful extensometer, there being no/ back-lash, 
and the movement measured being the mean of two ^ides of the 
specimen. The Author tested the same specimen in tension and 
in compression with a lever extensometer, also giving the mean of 
both sides. But the results by the lever extensometer are not very 
satisfactory, owing, perhaps, to the want of skill on the part of the 
Author in using it. Those given by Professor Unwin’s extenso- 
meter will therefore be accepted. The following Table shows the 
tensile modulus as calculated in three different ways : — 


Tlvsile Modulls (Lbs teb Sqiaue Inch) 




From Deflection of 

Fr(»m Strains of Iteams 



Beams. 

1 eimion 

Compression. 

Fiom tensilo-tests . 

29,850,000 

0 31,150,000 

30,000,000 

30,100,000 

From oom])icbsive-'l 
tests . . . ./ 

29,800.000 

1 1 29,450,000 
g 31,470,000 

29,500,000 

29,500,000 

30,200,000 

30,000,000 


The modulus was also measured on the pieces cut from the 
flange and web of the rolled joist. As, however, these were not 
prepared, the results cannot be very trustworthy, and have not 
boon introduoed into the calculations. 

With regard to tho behaviour of ductile material as a beam 
^vithin tho elastic limit, it may be asked whether 

(i.) The slide in the section within the elastic limit influences 
the distribution of strain in the outer fibre in any marked 
degree ? 

(ii.) Whether the form of cross section would also influence 
this appreciably? 

(iii.) Whether the strain conditions at tho limit of elasticity in 
a beam corresi»ond to the strain conditions at tho limit in tension ^ 
(iv.) Whether the ordinary limit of elasticity (by deflection) of 
a beam obtains at that point at which the strain-meters indicate 
the limit in the outer fibre ? 


' Minutes of Proceedings Inst. C.E , vol. Ixxxviii. p. 91. 
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It appears from an examination of the results that (i.) and (ii.) 
may l»e answered in the negative. 

(iii.) Tables X, XII and XIV are corroborative of the opinions 
expressed in an earlier part of this Paper that the limit of elasticity 
cannot be so well defined a point in the load-doflection curve as 
in the load-strain curve. The beam of double-tee section exhibits 
the least unmistakable limit of elasticity, as shown by the strain- 
meters ; the limit in the case of the rectangular bar is less well 
shown, and in the case of the beam of circular section it becomes 
quite indefinite. The following Table gives the stress in tons per 
square inch at which the limit of elasticity was reached in the 
beams, as indicated by the strain-meters and in the test-pieces. 


TC8t-piCCCB. 

Beams. 1 

From Strain-meters. 

From Autographic Load 
Dtliection Diagram. 

Ko. 1 

17 05 

D CO v]/ 18 05 

D 41 4/ 

20-45 

» 2 . . 

17-3G 

O CO \[/ 17 0G 

0 41 4^ 

25-68 

,, 3 . . 

18*49 

ICO 17-53 

I 41 4 , 

23 -GO 

,, 4 . . 

17-28 




Alean 

17-70 

17 -.55 

23 

2G 


The permanent strains of the outer fibre when the maximum 
load was reached were measured on the rectangular and circular 
bars. 

Owing to the joist buckling, at the flange and in the web, the 
maximum load which such a bar would resist was never reached. 
Although the strain at the centre of the span is greater in the 
circular than in the rectangular bar, when they had both been 
bent as far as possible, the latter had bent to a considerably sharper 
angle, thus lending a degree of probability to the opinion that tho 
material near the centre of gravity of the section, however 
inefficient in resisting elastic flexure, forms a largo factor in the 
ultimate strength of the beam. 

' Unfortunately the deflections of the beams at the limit of elasticity on a 
span of GO inches with double loading were not satisfactorily measured. Tho 
indications of the autographic load deflection diagrams, though inserted, are, 
therefore, not strictly comparable. 
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The resistance of a beam when the maximum load is reached is 
apparently conditioned by the following considerations ; — 

(i.) From an inspection of the magnitude of the strains, and 
from a comparison with the stress-strain curve of the material 
in tension and in compression, it is seen that, at the point in 
question, the whole section except a zone of small breadth near the 
neutral axis is in a state of more or less complete plasticity. 

(ii.) The value of this zone of semi-elastic and completely elastic 
material, as a source of resistance, varies with the mass of metal 
included in it. 

(iii.) Owing to the nature of ductile material, the most strained 
section must have appreciably altered its shape (though not 
necessarily its size) when the maximum load is reached. The 
outer layers in tension become attenuated, those in compression 
become engrossed. 

(iv.) The maximum tensile-stress endured is therefore enhanced, 
and the maximum compressive stress is diminished. 

(v.) The position of the unstrained layer is changed, and moves 
towards the comiiression side as flexure proceeds universally. 

(vi.) Permanent deformation by shear occurs in several planes. 

It is evident that a formula which would faithfully represent 
all the foregoing conditions, would be of considerable complexity. 
The refinement in accuracy thus introduced would probably not 
be so great as to counterbalance the inconvenience attending the 
use of a formula involving so careful an observation of many points 
in the life of a tensile-test specimen otherwise of no use in general 
practice. 

It is certain that the maximum load cannot be reached before the 
outer layers become plastic,^ and it is equally certain that the 
maximum load will not be reached before the outer layer has 
reached its limit of plasticity. Stricture must have actually 
commenced in the outer layer before the maximum load is reached. 
The exact point at which the maximum resistance is offered will 
vary, of course, with every material. 

For practical purposes, as an amendment to the present empirical 
formula, the following suggestion might be found useful, namely, 

* This is easily show u thus : — 

Let a poitiou X of the depth be plastic, then the rest ^ — a; is elastic. The 

moment of lObistauce of the plastic portion is 2 a; x Sj> 2 *“ 2}’ 

elastic portion ~ ^ ^ g where S p = the stress at which plasticity 

obtains. 
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that in order to find the maximum load a beam will bear, the value 
of S in the formula 


W = 


4S Z 

li 


should be the real stress at the limit of plasticity, and not the 
nominal breaking tensile stress of the material in question. 

Wheji tlie experiments on the elastic behaviour of the beams 
were concluded, the bars were all subjected to a load sufficient 
to cause them to reach the limit of elasticity. The loads wore 
applied by the double knife-edge. After the limit was passed 
some experiments on the time-effect of high loads were made. This 
is an important and wide field for experimental research ; the results 
obtained here can only be looked upon as purely tentative. After 
this the beams were bent as far as possible on a span of 41 inches, 
an autogra 2 )hic load-deflection diagram being taken of each. The 
results of the time-effect ex^jeriments are interesting, as bearing on 
the subject of the ultimate value of the material when distributed 
throughout the section in so totally differing ways as the three 
sections under consideration. 

In the Aiqjendix ^ will be found the results of those experiments. 
The vertical scale is the total increase of tensile and compressive 
strain, the horizontal scale is time in seconds, the load remaining 
the same during each experiment. The crosses and circles indicate 
2 )oints observ’’ed. From these results tlie equation to the curve 
has been determined. They are all of the same form — 

strain = A ~ 

(Time) + C 

where A B and C are constants whose value is different in each case. 


Moment of icsistancc of section when wholly clastic = 

S n . Now cannot be equal to ^ (cZ — 2 »)* -f- b a? (cZ — a;) 
bo b 

unless a; = 0. 

If + hx(d-x) 

then (<P - 4 d* + 4®’) + (dx -»>) 


1 is 


>1 


2x* 

cZ*' 


in order that this may be true 

must be > which is impossible ; 

hence is < ^ (d - 2*)* + hx (d - x). 

b b 


* Appendix, Tables XV and XVI, and Plate 5, Pig 4. 


Fig. 8. 
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It will be noticed that tbongb the curves are similar in form, 
the difference in the value of the constants is enormous. When 
the breakdown point is reached in the rolled joist, the support 
given by the still elastically acting inner i>ortion is not much ; while, 
in the rectangular section, it is comparatively considerable. It 
might thus be expected that the time-effect would increase in 
rapidity in bars of rectangular section, owing to more of the section 
becoming plastic; while double tees might be expected to act 
differently, and that the beam of circular section would more 
rapidly take up a position of equilibrium under a given load, owing 
to the increasing width of the cross-section from the outer layer 
inwards. 


Notes as to the Experiments. 

The distance between the points to which the load is transmitted 
by the double knife-edge is 10 inches in the case of the first 
experiment on a cast-iron bar (alluded to on p. 315); but in the 
supplementary experiments on cast-iron, and in all the experiments 
on steel, this distance was 13 J inches. The length over which 
strains were measured was, in the first instance, 10 inches, in the 
second, 7 J inches. In all the Tables relating to flexure, the figures 
in the column headed “ stress per square inch ’’ are obtained from 
M 

the formula S = — . 

£u 

It is perliaps unnecessary to draw attention to the points of minor 
interest in the results of the experiments, as those will be obvious 
on an inspection of the Tables, which the Author ventures to hope 
are sufficiently explicit. 

The Paper is accompanied by a number of diagrams from which 
Plate 5 and the Figs, in the text have been engraved. 


[Appendix. 
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APPENDIX. 


Testing-Machines. 

The iesting-macliines used were (i) a 50-tou Wicksteed,' (ii) a 50-ton Greenwood 
and Batley, (iii) a testing-machine specially designed by Professor Kennedy for 
transverso-tosts. The load is applied by a hydraulic ram moving a cross-head 
guided by slipper-guides on the main casting. For tensile-tests the si>ecimen 
is fixed by taper wedges between this cross-head and a shackle attaclied to 
the scale-beam, along which a weight of 1 ton can bo rolled, thus supplying a 
means of measuring the pull on the specimen. For compression or bending, 
a strong, heavy cross-piece, also guided on the main casting, is slung by four ties 
from the upper shackle, the cross-head of the ram being between the upper 
shackle and the cross-piece. The piece to bo comi)resscd, or bent, is arranged 
between the ram cross-head and this cross-piece; thus tlio load on the piece 
is transmitted by menus of the ties to the scale-beam, and is measured in tho 
ordinary way. For all practical purposes tho friction in these guide's may bo 
neglected. Wlien, however, a long strut is being tested, unless over> thing is 
dead ” in line, tho friction|in the guides becomes appreciable. 

All the knife-edges |are blunt, but where heavy loads were to bo a 2 ) 2 fiied, 
rollers were substituted in tho sup 2 iorts. These rollers could only revolve about 
their axis, the distance between their axis remaining fixed. 


Measuring- Appabatus. 

For tho measurement of strains within tho clastic limit of the beams, the 
mechanism shown by Figs. 9 was designed by tho Author. It consists of 
a lover P, the lengths of whose arms are as 100 to 1, tho fulerum being 
carried by tho main casting, which, when in 2X)sitiou on tho beam, becomes 
rigidly connected to the beam. A piece of uncoiled watch-B 2 >ring W, of any 
length in tliis case, of such a length ns to allow of tho main screws Ti Tj being 
placed 7^ indies a 2 )art, is pivoted to tho small arm of tho lover I* by means of 
the saddle S, and to the other fixed point of the gear G by tho sliding 2 >icco L, 
serves to cause tho motion of the pointer when tho distance between the main 
screws Tj Tj is in any way changed. The saddle S is attached to a siiring M by a 
silk thread. By means of the fore and back nuts Nj K, and tho sliding-piece L 
tho position of the pointer on the scale can bo adjusted as required. Tho main 
screws T T admit of tho^ l^sition of the watch-spring on tho surface of tho 
beam being adjusted. The screws m allow for another adjustment, which was 
often found to bo necessary owing to the centre punch marks in which the 
screws T T rest not being exactly opposite each other on both sides of tho 
beam. On the compression side, the watch-spring was constrained to follow 


Institution of Mechanical Engineers. Proceedings, 1882, p. 38i. 
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the curve of the beam by means of an arrangement resembling a light ladder, 
which was itself loaded with little bags of shot. All rotating parts move on 
accurately made steel centres working in carefully drilled and slightly counter- 
sunk holes. The apparatus for measuring the deflection has been already 
sufficiently described (Figs 4 and 5 in the text). An autographic load deflection 
diagram was taken of all the pieces when loaded beyond the elastic limit. 

Plato 5, Fig 1, shows the values of the strains under the double knife-edge on 
the 63 inches by 2 inches by 1 inch cast-iron bar for various spans. 

Plato 5, Fig. 2, gives the extensions of the centre 10-inch length of the same 
bar for various spans when the load is applied at the middle of the span (single 
knife-edge), and the corresponding deflections at the middle of the span in a 
similar way. It is interesting to note that at the same calculated stress the 
strain on the outer fibre is very nearly the same, although the deflection varies 
so much. 

Plate 5, Fig 3, shows the amount of extension and compression respectively 


Figs 9. 



cnduiod o\or a length of 7^ inches at the middle of the span at a space A, and 
the deflection at the middle of the span, the load being applied at that point. 
The non-coincidence of the limit of elasticity, ns shown by the strain-meters 
and the deflection, is interesting. 

Plato 5, Fig 4, shows the relative effect of a load without flic limit of elasticity 
on beams of different sections. The vertical and horizontal scales arc the same 
for each curve. The enormous difference of effect in the cases of the g^irder 
section and the rectangular section of a load, at a similar epoch in the life of 
the beam, is a further proof of the real ultimate value of metal disposed in the 
neighbourhood of the centre of gravity of the section. The horizontal axis 
indicates the origin for increase of strain duo to an additional load Thus curves 
O and D are the strains caused by the additional ^ ton, and should be added to 
the strains already caused by the existing load before the } ton was added, 
which are shown by the curves A and B. 
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Finished Dimensions of Steel Specimens. 


JSeams. 


T 


Form of 
Section. 

DimenBlons. 

Eemarks. 

n 

D‘ 

a 

(3*03 inches by 1*7| 
< inch by 8 feetV 

( long. . . .) 

Sides aa planed. 

„ hb ground. 


3*22 inches ini 


O 

diameter by Sl 
feet 3 inches | 

Turned* over 
whole length. 


^ long. . . .J 



1 Both flanges and 

I 

See Fig. 10 . 

1 their edges , 
( planed. 


Fig. 10. 



Test-pieces. 

Nob. 1 and 2. Cut from tho end of tho roetangular beam and turned, 1 • 143 
inch in diameter, screwed at both ends, Ig inch in diameter. 

No. 3 Cut from web of double toe and milled, area of cross section 2*0 inches 
by 0*39 inch = 0*782 square inch. 

No. 4. Cut from flange of double tee and milled, area of cross section 1*421 
inch by 0 * 493 inch =0*7 square inch. 

TABiiE I. — Tension. Experiment A. 

Noremher 9//i, 1880. 

Particulars of experiment : Tensile-test of a piece of tho same cast iron as flic- 
bar, 63 inches long by 2 inches by 1 inch before referred to. Turned. Dimen- 
sions of specimen, 0*911 inch in diameter; area, 0*625 square inch. Extensions 
measured on 10 inches. 


Total Iioad. 

Stress In lbs. 
I>er Sijuarc loch. 

E\ter 
lyOOOths o 

Scale 

Heading. 

Hions, 
f an Inch. 

Rum of 
Differences. 

Lbs. 

Lbb. 



0 

0 

7*04 

, , 

15,625 

25,000 

9*83 

2*79 

0 

0 

7*25 

sot = 0-21 

15,625 

25,000 

9*99 

2*74 

0 

0 

7*38 

set = 0*13 

15,625 

25,000 

9*96 

2*58 

0 

0 

7*40 

set = 0*02 

15,625 

25,000 

9*96 

2*56 

0 

0 

7*42 

set = 0*02 

12,500 

20,000 

9*40 

1*98 

15,625 

25,000 

10*00 

2*58 

0 

0 

7*45 

set = 0*03 

15,625 

25,000 

10*00 

2*55 

0 

0 

7*45 

set = 0*0 
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In all the tests recorded in Table I, the specimen was held in the way 
described by Professor Kennedy in his Paper on “ The Use and Equipment of 
Enginoering Laboratories,” Minutes of Proceedings Inst. C.E., voL Ixxxviii. 
Breaking-stress of this material 11 tons per B(|uaro inch. 


Table L— cont/itwed. Tension. Extebiment B. 

Plate 5. Fig. 5. Curve A. 

November dth, 188C. 

Particulars of exiKTiment: Cast-iron test-piece as before. Dimensions of 
epocimeii, O’Oil iiicli in diameter; area, 0*C25 square inch. Extensions mea- 
sured on 10 inches. 


Rtrcfw ])pr 
Square Inch. 

One Side, 
lOUtlm of un inch. 

Other Side, 

IfOOUths of un Inch. 

Mean, 

1 ,00itthh ol an 
Imh 

Scale 

Ilemling. 

Differences, 


Sura of 
Differences 



ld)H. 

0 

0-000 


0-00 



4,000 

0 1530 

0-330 

1 0-29 

0-29 

0-310 

0,000 

0-500 

0-170 

0-48 

0-10 

0-490 

8,000 

O-GSO 

0-180 

0-G7 

1 0-19 

0-G75 

10,000 

0-880 

0 200 

0-87 

I 

1 020 

1 

0-875 

12,000 

1 080 

0-200 

1-08 

0-21 

1-080 

14,000 

1-285 

0-205 

1-30 

0-22 

1-293 

10,000 

1-405 

0*210 

1-51 

0-21 

1-503 

18,000 

1-710 

0-215 

1-74 

0-23 

' 1-725 

1 

20,000 

1-015 

0-235 

1-98 

0*24 

1-9G2 

22,000 

2-180 

0-235 

2-23 

0-25 

1 2 205 

24,000 

2-440 

0-2G0 

2-48 

0-25 

2-4G0 

25,000 

2-570 

0-130 

2-G7 

0-15 1 

1 2 -GOO 

0 

no Bt't 

•• 

no set 

i 

no tet 1 

1 

•• 
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Table I — continued. Tension. Experiment C. 
Plate 5. Fig. 5. Curve B. 


January 28i7t, 1888. 

Particulars of experiment : Cast-iron tost-picco (same as was tested on 9th 
November, 1886), re-tested for determination of etfect of time on range of elastic 
extension. Professor Kennedy’s new extension gear used, which gives the 
mean of both sides. Broke at exactly 25,000 lbs per square inch. Dimensions 
of specimen, 0*911 inch in diameter; area, 0*652 square inch. Extensions 
measured on 10 inches. 


Total Load. 

Stress per 
Square luch. 

Kxtonoions, 
lOOths of an Inch. 

Scale Heading. 

Set. 

Lbs. 

Lbs. 



0 

0 

0 

0 

1,250 

2,000 

1*40 

0*00 

2,500 

4,000 

3*19 

0*00 

3,750 

6,000 

5*25 

0*15 

5,000 

8,000 

7*35 

0*20 

6,250 

10,000 

9*50 

0*25 

7,500 

12,000 

11*55 

0*52 

8,750 

14,000 

I 13*90 

0*65 

10,000 

16,000 

16*20 

1*00 

11,250 

18,000 

18*56 

1 30 

12,500 j 

20,000 

21*24 

1-44 

13,750 

22,000 

23*90 

1*70 

15,000 

24,000 

27*15 1 

2*15 

15,625 

25,000 

broke uncxi)ectedly 


[the INST. C.E. VOL. XCn^III.] 
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Compression. Experiment D. 

Particulars of exi)eriment : Specimen for cominesaion. Square ends. Test 

for degree of constancy of Ec within extreme limit of nominal tensile-stress ^ 

in a cast-iron beam at rupture. On being first subjected to load of 14,400 lbs. 
a large permanent sot was observed. Dimensions of specimen, 4 * 25 inches long ; 
0*97 inch in diameter; area, 0*74 square inch. Extensions measured on 3^ 
inches. 


Total I^d. 

Streas per Square 
Inch. 

One Ride 
OompreBHion, 
lOOtliM uf an Inch. 

1 Scale lleadinfi;. 

' rother Side 
rompression, 
lOOthB of an Inch. 

( Scale Reading. 

Mean of 

1 both Sides, 

lOOths of an Inch. 

Sum of I)ifference&. 

LbB. 

LbB. 

1 



5,920 

8,000 

0*000 

0-000 

1 0-0000 

8,880 

12,000 

0*0(55 

()-07() 

0*0(575 

9,3(>0 

14,000 

0*110 

0-120 

0*1150 

11,840 

1(5,000 ! 

0*140 

0*1(50 

0*1500 

13,320 

18,000 

0*170 

0*210 

0-1900 

14,800 

20,000 

0*210 

0-250 

0-2300 

1(5,280 

22,000 

' 0*2(50 

0-290 

0*2750 

17,7(50 

21,000 

, 0*300 

0-330 

0-3150 

19,210 

2(5,000 

0*330 

, 0*365 

0*3475 

20,720 1 

28,000 

0*380 

1 0-410 

, 0*3950 

22,200 

30,000 

0*420 

' 0-450 

0*4350 

23,(580 

32,000 

0-455 

0-490 

1 0-4725 

25,1(50 

34,000 

0*500 

, 0-530 

0-5150 

2(5,(540 

, 3(5,000 

0*535 

0-560 

1 0-5475 

28,120 

38,000 

, 0*580 

> 0-600 

1 0*5900 

29,(500 

1 40,000 * 

1 0(520 

0(550 

0*6350 

5,920 

8,000 

1 0*010 

0*020 



Tarle 11. 

Measureniont of variation of bimins in the flange* of the beam of double-toe 
section. Strains on et‘ntre line and on outer edge, 2 inches from the centre 
liiH*. (^omjm'ssion onl>. (Simultaneous nieasur(‘ments of extension and com- 
l)rt*S8ion ^ven' made*, but the difterenccs were so minute as to bo hardly per- 
ceptible on inches ) Strains measured on 70 inches ; span, 80 inches ; single 
knife-edge. 


1 

! 

lAud. 

Strain, 

3 ,nooths of an Inch. 

A - B. 

1 

1 

1 A - B 

(»n Centre Line, 

A. 

1 On Outer Edge, 

1 B. 

1 ^ ■ 

1 

Tons, 

0 

1 0-000 

0*000 

0*000 

0-0000 

1 

' 0-040 

0*595 

0-045 

0-0703 

2 

1-015 

1-230 

0-085 

0-0646 

3 

1 1-080 

1-870 

0-110 

0-0555 
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Tabub hi. — Observed and Cai.cuijlted Extension of outer Fibre,' 
Calculated extension = O V W 5. 

Assumed observed extension throughout the whole span : — 

For GO-inch span = centre + 2B-+-2D4-JD. 

For 50-inch span = centre + 2 B -f- O. 

For 40-inch span = centre -i- 2 B -t- ^ B. 

(See Fig. 11, Table XVII, for meaning of A, B, C, &c.) 

Load = 35G lbs. at centre of si)an on Q 
178 ,, ,, ,, t- — 1 


corresponding to value of _ = 8,000 lbs. per square inch. 

Ju 


DcBcriptloii. 

Formula. 

Observeil. 

60 C3 

0*019.50 

0*01813 

60 0 vi/ 

0*020.59 

0*018.50 

50 1=1 

0*013.54 

0*012,30 

50 □ 

0*01.303 ! 

0*01200 

40CZ3 

0 *00830 

0*0090.5 

40 0 

0*00921 1 

0*00920 


Load = 800 • G4 lbs. at centre of span on [] 
400*32 y, yy yy i I 

M 

corresponding to ^ = 18,000 lbs. i>c‘r square inch. 


Description. 

Formula. 

OJwiervetl. 

601=1 ^ 

0*0440 

0*0.38.5 

60 □ 4/ 

0 04C5 

0*0.382 

501=1 ^ 

0*0301 

0*02G8 

50 0 4/ 

0*0312 i 

0*0277 

401=1 4, 

0*0191 1 

0*0184 

40 [] 4* 

0*0207 

j 001G8 


* The values of the total extension d<*rived from the formula, and from 
observation, agree better at a low than at a high load. This Hooma to indicate 
that, provided, of course, no error in <*xix‘ri menial observation (‘xists, us the load 
on the beam inoreafK^s, the defl<*etion b<*eomeB greater than it should do 
theoretically, which is what might bo expected, owing to the slide in^ the 
section being considerable on account of the low shearing-stress of cast-iron. 

z 2 





[Seleote 


040 


SBQTTNIK) out BEAJfB. 


Table IV. — ^Bbeaking-IjOads of Pieces of Beam on a Spait of 15 Inches. 


(Carried out in tlio Greenwood and Batley Testing Machine.) 
Two pieces tested in this position CZ3. 

Lbfl. 


Breaking-loads . 


Mean . 


/3,580 

13^00 

3,440 


Mean breaking-stress . 
Deflection . • . . 


Mean . 


. 38 , 000 per square inch. 

Inch. 

rO-390 
* lO-l^ 

. 0-175 


Two pieces hrohen in 

Breaking-loads .... 

Menu . 
Mean breaking-stress . 


this position [] . 

Lbs. 
fG,950 
* * 16,520 

. . 6,735 

. 37,200 per square inch. 


Deflection 


{ 


Inch. 

0*0950 

0*1000 


Mean 


0*0975 


Table V. — Cast-ibon Beam. 

If ]\I = 8 Zf the extensions on iho lengths marked A, B, C, D, should vary 
directly as the moan bonding moment over the length. Thus for a given 
loud : — 

Ext. D X J should = Ext. C X j = Ext. B X ^ = Ext. A. 
Extensions. 



60-inch Span ^ . 

60-lncb Span ^ , 

40-imh Span ^ , 


0 

CZ3 

0 

CD 

D 

1 CD 

A 

3*625 

4*050 

3*70 

3-37 

2*37 

2*37 

B X ^ 

3*810 

3*600 

3*23 

3*00 

2*35 

2*50 

C x| 

3*500 

1 

8*250 

2*45 

3*10 




' 3- 120 

3*187 






The modulus used in theso calculations is not the instantaneous modulus at 
the 6tr4*ss duo to the given load at the centre. If the instantaneous modulus 
were introduced, it would tend to slightly aggravate the discrepancy between 
the observed and the theoretical results, since by the formula the extension 
varies inversely as the square root of the modulus. 
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TAB1.K TL SUUMART of BeSULTS of EliASTIO EXPERIMENTS ON SXEEIi BEAMS. 


— 

Steel. 

Steel. 

1 steel. 

Form of soclion 

. 

□ 


o 


I 

E 

Area of section, square inclics 

515 

8*14 


5* 

30 

Modulus of section (Z) 

2*603 

3*273 

9* 

05 

S^ian, inches 

• • 

.... 

60 

80 

60 

80 

60 

80 

) inches for calcn- 
)00 lbs. per square 
jre, in l^OOOtns of 
from actual mea- 
inches. 

Tension. 


0*3150 

0*336 

0*343 

0*331 

0*339 

0*332 

A' 0*337 

B' 0*329 


0*3270 

0*338 

0*341 

0*338 

0*338 


( 

d 

Centre vj/ v}/ 

0*3250 

0*333 

0*325 


0*3330 

0*325 

00 a !3 O ® 

S 1 0-0 « 
'|l g-g i 

o 

*s 

A 

•• 

0*333 

A'0*332 


*• 

0-307 

"to ^ ca S 
a .2 -S a § 

omp 

B 

•• 

0*335 

B' 0*337 



0*335 

S.S.S S S 
a 1 

“ 1 

C Np 

•• 

0*331 

•• 



0*338 


r 

Centro 

0*0815 

• • 

0*0013 


0*0161 

•• 

-*■* 


1 4, 

0*0787 

.. 

0*0598 


0*0155 


o 

j 

■£'5' 
'^g 1 
•g §0 

2 

0*0700 

" 

0*05a34 


0*0135 


i-H 

00 
o a> 

1 

3 4/ 

0*0562 

•• 

0*0450 


0*0109 

•• 

’ll 

l-a i 

o 

4 







Ws « 

Ibo S 

Centro 



||R|Q|R 

, , 


, , 

s i 

-2.g 

.2 00.2 
i^lt 

1 4/ 


•• 


•• 


•• 

O 

ns 


2 4* 


.. 


.* 


• • 

1 

Calculal 

from 

tensil 

3 4^ 

1 ^ '1' 



0*0423 

•• 


•• 

Maximum load (tons} 1 

Span = 41 inches / ’ * * 

11' 


14*22 

25*31 
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Table VII. — ^Results of Steel Test-Pieces. 





No. 1. 

No. 2. 

No. 3. 

No. 4. 




Sectional area . 
Strains measured'| 


square inch 

1*0264 

1-0264 

0*783 

0*700 

on 10 inches at 

IjOOOths (tension 

1 0 335 

0*322 

0*315 

0*324 

mean stress of 

• of an 


} 




1,000 lbs per 
CKJuarc inch . 

1 inch 

(com]>r<*sbion 

) 0*336 




Limit of elasticity, load . 

. . tons 

18*12 

17*82 

14*47 

12*10 

»» »» 

stress! 

tons per 1 
square inch / 

17*65 

17*36 

18*49 

17*28 

Maximum load 

• • • 

. . tons 

28*34 

28*42 

23*41 

20*33 

„ stresB 

. tons per square inch 

27*70 

27*75 

29*90 

29*04 

Extension on 10 inches at limit ofl p*r 1 
elasticity /cent / 

19*75 

20*00 

20*00 

21*03 

Total extension of 10-inch 


27*20 

23*75 



Mean extension 

apart 

from\ 


19*20 



stricture . 

. 

. / ” 

** 

* • 


Area at fracture 

. 

square inch 

0*444 

0*450 

. . 


Real stress at fracture 

tons per 1 
‘ square inch / 


. . 



Reduction of area 

. . . 

. jticr cent. 

56*7 

56*1 




Table VHL 


May m, 1888. 


I^articulars of experiment: Determination of speeific extension and com- 
pression , leetangular section ; deflection measured bimulianeously. Dimensions 
of si>eeimen 3*0131 inches by 1*700 inch ; area, 5*15 square inches; Z = 2*603 ; 
spin, 60 inches, double knife-edge. Extensions measuicd on 7J inches. 




Extension. 

Compression 



Total 

Load. 

Stress per 
S^iuaro 
Iwb. 


Position 

Centre. 



lOOihs of an Incb. 

lOOtba of an Inch. 

5tbb of an Inch. 



Scale 

Heading. 

Differences. 

Scale 

Heading. 

Differences 

Scale 

Heading. 

Difft'rences. 

T<»n8. 

0 

Lbs. 

0*000 


0*000 


0*00 



2,528 

0*060 

0*060 

0*055 

0 055 

0*11 

0*11 


5,055 

0-125 

0*065 

0-115 

0*060 

0*21 

010 

i 

7,583 

0*190 

0*065 

0*175 

0*060 

(0*26?) 

, , 

1 

10,110 

0-255 

0*065 

0*235 

0*060 

0*41 

, , 

1* 

12,638 

0*320 

0*065 

0*300 

0 065 

0*51 

0*10 


15,165 

0*380 

0*060 

0*360 

0 060 

0*61 

0*10 

H 

37,693 

0*445 

0*065 

0*425 

0*065 

, 0*71 

0*10 

2 

20,220 

0*510 

0*065 

0*490 

0*065 

0*81 

0*10 
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Table IX. 

May 4^;^ 1888. 

Particulars of experiment : Strains measured at centre ix>sition ; rectangular 
eoetion; span increased to 80 inches. Dimensions of Bi>ocimen in ApiK'udix; 
area, 5*15 square inches; Z = 2*003; s^ian, 80 inches; double knifo-odg(\ 
Extensions measured on 7^ inches. 


Total 

Stress per 
Square 
Inch. 

Extension, 
lOOtbs of an Inch. 

Compression, 
lOUths ot an Inch. 

Deflectitm, 

Inches. 

I.oad. 

Scale 

Heading. 

Differences, j 

1 

Scale 

Heading. 

j Differences. 

Scale 

Heading. 

Differences. 

Lbs, i 
0 

Lbs, 

0 

0 000 


0*000 


0*000 



3,003 

0*070 

0-070 

0*085 

0 085 ; 

0*046 

0*046 

1 

7,206 

0*100 

0*090 

0*170 

0*085 

0*096 

0*050 

10,809 

0*250 

0*090 

0*260 

0*090 

0*141 

0*048 

1 

14,410 

0*845 

0*095 

0*350 

0*090 

0*194 

0*050 

U 

18,013 

0*430 

0*085 

0*445 1 

0*095 

0*244 

0*050 

0 

0 

0*000 

• • 

0*000 


0-000 

* • 


Table X. 

Jwne l«^ 1888. 

Particulars of experiment : Beam of rectangular section loaded uj) to limit of 
<>lasticity. Strains measured at centre position. Dimensions of speidim^n in 
Appendix; area, 5*15 square inches; Z = 2*003; B|>an, 00 inches; double knife- 
edge. Extensions measured on 7^ inches. 


Total I^wd. 

Stress i>er 

Extension, 
lOOtbs of an Inch. 

f'ornpresshm, 
lOUtlis ol an Inch 

Square Inch. 

Scale 

Heading. 

Differences. 

Scale 

Heading. 

Differences. 

Ttms. 

0 

Tons. 

0-00 

0-0000 


0-0000 


3i 

16*93 

0-9050 

0-9050 

0-9110 

0-9410 

0 

, , 

no set 

. . 

no s('t 

, . 

4 

18*05 

0-9900 

0-0850 

1-0240 

0-0830 

0 


0-0250 

. , 

0-0300 

. , 

H 

19*18 

1 - 1300 

0-1400 

1-1410 

0-1170 

0 

. • 

0-0800 

, , 

0-0920 

, . 

4J 

1 min. 

20*31 

1*3200 

0-1900 

1-3410 

0-2000 

» • 

[ 1 *3450 

0*0250 

1-3640 

0-0230 

2 min. 


1*3550 

0-0100 

1*3710 

0-0070 

3 min. 

1 

1 1*3600 

0*0050 

1*3760 

0*0050 

4 min. 


1*3625 

0-0025 

1-3785 

0*0025 

5 min. 


1*3700 

0-0075 

1-3850 

0-0075 1 

6 min. 

1 

at rest 

, , 

at rest 


0 j 

1 0-00 

‘ 1 

0*2400 


0*2920 
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Table XIV. — Tension. Compkession. Flexure. 

June 7th^ 1888 . 

Particulars of experiment : Beam of double-tee section locwled until limit of 
elasticity reached. Dimensions of specimen in Aiipendix. Area, 5*3 sijunre 
inches; 55 = 9*05 ; span, 60 inches; double knife-edge. Extensions measured uu 
inches. 


Total lx>ad. 

Stress |>or 
Square liicb. 

Extension, 
lOOtlia of all Inch. 

CompreBblnn, 
lOoths of an Incb. 

Scale 

Keadmg. 

Differences, i 

Scale 

lleadiufc. 

DlflferenceH 

Tonb. 

0 

Tons 

0*000 


0*000 


12 

15*58 

1 *083 


0*980 


0 


0*218 


0*110 


12 

15*58 

1*093 

. , 

1*000 



16*23 

1*163 

, , 

1*055 


13 ^ 

17*53 

a 

1*568 


1*415 


1 min. 


1*698 

0 * i 30 

1*540 

0*125 

2 


1*768 

0 070 

1*605 

0*065 

3 


1 *833 

0*065 

1 1*668 

0*063 

4 


1*878 

0*045 

1 1*715 

0*047 

5 


1*913 

0*035 

1 1*765 

0*050 

6 


1*950 

0*037 

1 1*798 

0 * 03:1 

7 


1*978 

0*028 

1*817 

0*019 

8 

1 

2*010 

0 * 0.32 

i 1*850 

0 * 0 : 1:1 

3 


2*033 

0*023 

1 1*870 

0*020 

10 

1 

2*055 

0*022 

1*890 

0*020 


Experiment to Determine in how far originally Plane Sections, Perpendicular 
to the Axis of a Beam, remain Plane after Plexure in the case of such Material 
as Lead. 

The Author obtained a lead casting, which, after machining, was 38 inches 
by 7*7 inches by 2*1 inches. One side and one t*dgo wer«i planed. Janes 
were drawn at a distance of 1 ineli apart parallel to the direction of the appli- 
cation of the load. The casting was tested as a beam on a 32-iuch 8{)an, being 
sup|H>rted on plates and rollers, and similar precautions were taken to prevent 
the centre knife-edge from sinking into the metal. The distance between the 
axes of the rollers was fixed and did not alter. The maximum load home was 
S tons. The experiment was stopjxjd 'alien tlie tension side of the bi*am liegaii 
to show signs of breaking, but it was thou too late, and the lines which before 
had become S-shaped near the centre of the Bjian were siioilt, and it was 
impossible to reproduce them. 


® When the load was increased to 13J tons, the i>ointer moved so rapidly over 
the scale that it was impossible to take a reading until it had nearly come to 
rest, when the next reading, viz. 1 * 5G8, os obsci'ved. 
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Table XV. — ^TiME-EFrECT. 
Load, 5 tons at Ute centre. 


Conditions, [] 60 v|/ . Strains measured on 7J inches. 


Time. 

Tension, 
lOOtlis of an 
Inch. 

Compression, 
lOOths of an 
Inch. 

Time. 

Tension, 
lOOths of an 
Inch. 

Compression* 
lOOths of an 
Inch. 

Minutes. 



Minutej. 



0-00 



2-30 I 

0-185 


0*05 

0-000 

0-000 

2-38 


0-230 

0-10 

0-000 


2-45 

o-ioo 


0*20 

. , 

0-070 

2-55 1 

. • 1 

0-235 

0-28 

0-040 


3-00 

0-200 



. 

0-100 

3-10 

. . 

0-245 

0*45 

0-080 


3-18 i 

0-210 


1-00 

, , 

0-145 

3-25 


0-250 

1-10 

0-120 


3-33 

0 - 2 i 5 


1-20 

, , 

0-170 

3-40 

, , 

0-255 

1-28 

0-185 


3*48 

0-220 


1*55 

, , 

0 200 

8-55 

* • 

0-260 

2-15 

0-175 


3-08 

0-220 


2-20 


0*220 





Load, 5 J tons. [] 60 yj / . 


0-00 


0 000 

2-15 

0*295 


0-05 

o - 66 o 


2-20 

, , 

0-325 

0-10 


0-075 

2-28 

0-305 


0-15 

0-090 


2-35 

• • 

0 340 

0-50 

, , 

0-195 

2-43 

0-310 


0-55 

0-185 


2*50 

, . 

0-350 

1-00 


1 0-210 

2-53 

0-325 


1-08 

0-195 


3-05 

, , 

0-370 

1-13 


j 0-230 

3-10 

0-345 


1-18 

0-210 


3-15 

, , 

0*375 

1-30 


0-275 

3-18 

0-345 


1-40 

0-245 


3-40 

0-370 

0*395 

1-45 

, , 

0*290 

3*65 

, , 

0-400 

1-50 

0-270 


4-00 

0-375 


2-00 

• • 

0-300 

4-15 


0*410 

2-03 

0-280 


4-20 

0-385 


2-09 

• • 

0-310 
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Table XVI. — Time-Effect of Load higher than that at which the 
Limit of Elasticity w^as reached. 

Load^ 14^ tons at the ce^itre. 


Conditions, I 60 \I/ \]/- Strains measured on 7} inches. 


Time. 

Tension, 
lOOtbs of an 
Inch. 

Compression, 
lOOths of an 
Inch. 

Time. 

Tension, 
lOOtbs of an 
Inch. 

Compiwsion, 
lOOtus of an 
liicb. 

Mmutee. 

0-00 

0*000 

0*000 

Minutes. 

3*04 

0*657 


009 

0*000 


3*27 

. . 

0*597 

0*54 

. . 

0*107 

3*35 

0*727 


1-06 

0*257 


4*05 

. . 

0-CG7 

1*32 

0*407 

0*267 

4*11 

0*782 


1*46 

. . 

0*317 

4*30 


0*697 

1-58 

0-482 


4*35 

0*807 


216 

. . 

0*417 

4*46 

. . 

0*717 

2-28 

0*577 

1 

5*00 

0*832 


2-54 


0*517 

5*29 

1 

0*707 


Lond, 15 tom. 

I CO . 


0-00 

.. 

0*000 

2*46 

• • ' 

0*760 

0 05 

0*000 ! 


3*03 

0*625 


0-12 

1 

0*150 

3*13 


0*800 

0*15 

O-JOO 


3*24 

0*650 


0*25 

. . 

0*250 

3*32 

. . 

0*825 

0*34 

0*200 


3*45 

0*675 


0*37 

. . 

0*300 

4*08 

. . 

0*875 

1*03 

. . 

0*450 

4*14 

0*700 


1*05 

0*350 


4*29 

. . 

0*900 

1*13 

. . 

0-500 

4*36 

0*725 


1*19 

0*400 


4*59 


0*925 

1*31 

. . 

0*575 

5*09 

0*750 


1*37 

0*460 


6*07 

. . 

0*970 

1*58 

. . 

0*650 

6*12 

0*790 


2*05 

0*525 


1 7*08 

. . 

1*000 

2*26 

. . 

0*720 

7*21 

• 0*820 


2*37 

0*590 
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Fig. 11. 


tabi^ xvn.-^ 






j ,.... A -- 
!*■ CEMiTRE •>» 

- N - - C 
t if 

" i 

V 




< 

... . 

.. .. 

eb 



... 

. . . . 









Of b 

o 

A 


Ijoad at Centro of Span. 

Extei 

l.ooutl 

ln< 

Centre. 


A . 


)8ion, 

H uf an 
Ai. 

Deflections. 
60thB of an 
Inch. 

Extension, 
l.UUUths of an 
Inch. 

Deflections, 
50th8 of an 
Inch. 

CZl 

D 

cn 

D 

CZ 3 

D 

'=' 1 

D 

CZ 3 

D 







1 



44*48 

88*80 

0*00 

0*00 

0*0 

0*0 

0*00 

0*000 

0*00 

0*0 


88 -im 

177*82 

1*028 

1*020 

3*3 

3*5 

1*02 

0*888 

4-00 1 

2*0 


1 ^ 3*44 

200*88 

2 * ri(J 

2*31 

11*0 

, , 

2*05 

1*820 

8*30 

3*0 




3*84 

3*00 

13*0 

. , 

3*34 

3*080 

12 50 , 

6*3 



, . 

5*38 

4*88 

21 0 

, . 

4*62 

4*240 17*50 1 

8*3 




7*03 

0*13 

20*3 


3*80 

3*400 22*50 

10*5 




8*72 

7*70 

31*3 

18 3 

7*18 

6*420 26*30 | 

12*5 




i ()- r )2 

8*23 

37*3 

21*3 

8*60 

7 -TOO 21 -50 

14*3 




12*18 

10*78 

42*3 

21 0 

10*13 

8*230 33 30 

16*3 




11*00 

12*37 

48 0 

27 0 

11*08 

10*030 40*00 

18*0 




0*38 


0 0 

•• 

0*00 

0*380 

0*00 i 

0*0 










Span = 


44*18 

88*80 

0*00 

0*00 

0*0 

0*0 

0 00 

0*000 

0*00 

0 0 


88 * im ; 

177*82 

0*77 

0*77 

. , 

1*3 

0*(>1 

0*800 

2 50 

2*0 


133*41 

200*88 

1 00 

0*00 

6 0 

3 3 

1 *80 

2 030 

3 00 

3*0 



, , 

2 30 

2*87 

8*3 

3*3 

2*70 

1 3*210 

7 .30 

4*3 




3*17 

4*21 

12*3 

0 3 

3*72 

* 4*240 

8*30 

3*3 




4 88 

3*20 

13*0 

8 3 

1 88 

3 * 40012*00 

7*0 




3*73 

0*28 

18*3 

8*3 

3*81 

1 6*67014 30 

7 3 




7*00 

7 43 

22*3 

11*0 

7*03 

7*830 17*30 

8*0 




8*48 

8*11 

24*3 

12*0 

8 34 

8*230 18*30 

10*0 




8*70 

10-.53 

27*3 

13*5 

8*02 

10 * 3*20 22*00 

11*0 




0*23 

0*00 

0*0 

1 

0*0 

0*38 

0-250 

1 0*00 

0*8 






1 

I 

! 

1 



Span = 


44*48 

88*80 

0*00 

0*00 

0*0 


0*00 

0*000 

0 00 

0*0 


88*80 

177*82 

0*77 

0*77 

. , 

1 •• 

0*04 

0*800 

0*30 

0*3 


133*44 

200*88 

1*33 

1*00 

0*0 

0*0 

1*15 

1*630 

2*00 

1*0 


, , 


2*31 

2*30 

1*0 

, . 

^ 1*82 

2*360 

2*50 

2*0 




3*34 

3*20 

3 0 

2*0 

' 2*37 

3*340 

3*00 

2*0 




4*00 

4*00 

4*0 

. . 

1 3*48 

4*100 

3 75 

3*0 




1 3*00 

1 4*73 

3*3 

3*5 

' 4*33 

4*730 

4*50 

3*0 



0*28 

3*78 

7*0 

. , 

1 3*00 

3*380 

6*00 

4*0 t 

. , 


7*30 

[ 6*80 

8*0 

. , 

3*78 

6*420 

7*00 

4*5 1 

. , 


1 8*33 

7*70 

10*0 


6*80 

7*440 

7*30 

5*5 ' 

• • 


1 0*00 

1 1 

0*04 

1 

• • 1 

^ 6*0 

0*38 

0*000 


* * i 
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IjOad at Centre. 


Lioad increased in all spans by equal increments of 44*48 lbs. for CU ami 
88*96 lbs for H . Extensions measured over lenp^tbs of 10 inches indioatod 
by capitals. Ijcflections measured at iioints indicated by small letters. 

Single Loading, 

Span = GO inches. 


1 

9 




C. 


1 


1). 

n 

1 

KxtpnHioii, 

Deflectiona, 

Extension, 1 

Deflections, 

Extension, 

Deflet tions. 


IfVOOthH of an 

GUthH of an 

1 ,uu()tba ot an 

GOths of an 

IfOUOtbs ot an 

Goths of an 


liub. 

Incl). 

Inch. 

lncl». 

Inch. 

Im b. 

, 1 


1 




C 






1 

D 

CD 

D 

C=I 

D 

° 1 

D 

CD 

D 

cm 

D 


0*00 1 

0*00 

0*00 

0*00 

0*00 

0*00 

0-0 1 

0*0 

0*00 

0*00 

0*0 

0*0 


0*00 , 

0*64 

3*50 

2*00 

0*61 

0*77 

2*5 

0*5 

0 * 38 | 

0*38 

2*0 

(»*5 


1*54 

1*54 ' 

6*50 

4*00 

1-28 

1*28 

5*0 

1*0 

0 ' 77 | 

0*77 

3*0 

1*5 



2 - 4 :» ' 

10*50 

(;*oo 

1 * S 0 

2*18 

7*5 

3*0 

i-ir. 

1*02 

4*0 

2*0 


: i *48 

3*34 

14 50 

8*00 

2*30 

2*95 

10*0 

4*5 

1*51 

1*51 

5*0 

3*5 



4*50 1 

17 •50 

9*00 

2-!>7 

3*85 

12*5 

6 *(> 

1*94 

1 *91 

6*0 

3*0 


*> • 26 

5*40 

21*00 > 10*50 

3 *(50 

1*62 

15*0 

6*5 

2*30 

2*30 

8*0 

1*0 



6*40 

25*50 

12*00 

4*36 

5*40 

18*5 

8*0 

2*81 

2*70 10*0 

4*5 

1 

7*18 

7*30 

28*50 

11*00 

5*13 

6*28 

21 ■ r > 

9*0 

3*31 

3*2010 5 

5*0 


8*34 

8*31 

32*50 

16*50 

5*78 

7*20 

23*5 

10*5 

3*85 

3*(50 12*0 

6*0 


000 

0*00 

0*00 

0*00 

0*00 

1*28 

0*0 

00 

0*51 

0*00 

0-0 

0*0 


oO inches. 












0 00 

0 00 

o-oo 

0*00 

0*00 

0*00 

0*0 

0*0 



1 




0*(54 

2*00 

0-70 

0*38 

0*38 

1*0 

1 *5 






1 * 2 S 

1*28 

4*00 

2*20 

0*90 

0*77 

2*0 

1*5 



1 




1*92 

5*50 

3*20 

1*28 

1*02 

3*0 

2*5 

1 


I 



2*83 

2*70 

7*50 

1*20 

1*66 

1*41 

4*0 

3*0 

1 






3*46 

9*00 

5*70 

2*18 

1*80 

4*5 

4*0 

1 


1 



4*21 

4*36 

10*50 

5*70 

2*83 

2*31 

5*5 

4*0 



1 




513 

12*50 

( 5*70 

3*35 

2*70 

1 (5*5 

4*5 

1 



1 


o * 64 

6*03 

14*00 

7 - 2 (» 

3*85 

3*10 

, 7*0 

4*5 






6*67 

6*80 

16*00 

8*00 

4*35 

3 (50 

8*0 

5*0 

1 





0*25 

0*00 

0*00 

0*50 

0*38 

1 0*00 

0*0 

0*8 

1 





40 inches. 




1 

\ 

1 


1 


1 



0*00 

0*00 

0-00 

0*00 

1 

{ 








0*ol 

0*38 

1 1*00 

0*50 

1 









0*90 

, 0*77 

1*50 

1*00 


i 








1*28 

1 1*15 

' 1*75 

1*50 

1 









1*93 

1 *66 

2*00 

, 1*50 

1 

j 




' 




2 * r »6 

2*18 

2*25 

1 2*00 

1 

1 








2*96 

2*70 

2*50 

1 2*00 










3*60 

3*34 

3*50 

1 2*50 










4 <KJ 

3*85 

4*00 

, 2*50 










4*48 

4*35 

4*00 

; 2*75 










0*00 

1 

0*00 

1 

1 

1 






1 
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Tbansyibrse Modulus fbom Cast-ibon Beam. 

Lbs, i>er Square Inch. 


60 4/ D E = 10 , 100,000 

60 C=l E = 11,235,000 

50 4 . □ E = 11,645,000 

50 4^ CH E = 11,280,00^ 

40 4/ 0 E = 11,405,00^ 

40 4/ CH E = 10,366,000 

40 4'“^ E = 12,175,000 


Mean 11,172,000 


These values are calculated from deflection measurement as far as !(; qqq ]|jg^ 
jxjr square inch on the outer fibre. The tensile modulus, as obtainedi from the 
test-piece in Table I, at 4,000 lbs. per square inch is 12,500,000, whci(*as 
mc>an modulus as far as 10,000 lbs. per square inch, which would bo more 
parable with the abo\e results, is 10,44 ''00 lbs. i>er square inch. ' 


Extension of outer Fibres of Cast-Iron Bars, 
03 inches by 2 inches by 1 inch. 


Strain measured on 10 inches, at the centre of the span, a constant bonding 
moment obtaining over this length. 


Span. 

Mean Strain deduced from 
observations from 20,oonto 
1,00U lbs. per Square Inch. 
1, booths of an Inch. 

Mean of II 
and Ul. 

I. 

0 

11. 

CZl 

nr. 

IV. 

Inches. 




00 ^ 

0630 

0*615 

0*622 

50 'J/ 

0*782 

0*769 

0*775 

40 

0*769 

0*906 

0*837 
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Mean strain for a mean stress of 1,000 lbs. per square inoh ^ outer 
fibre at various points throughout span of cast-iron beam. 


— 

F<»itfon. 

Mean Strain 
in l.OOOths of 
an Inch. 

— 

Position. 

Mean Strain 
in l.oooths of 
an Inch. 


A 

0*689 


A 

0*777 


BX = 

0*725 

50 sj> D 1 


0 768 

60 4/ 0 ■ 

ox; 

0*661 


C X 2 

0*582 





A 

0*803 



0*594 

j 




2 


50 O j 

Bx J 

0*714 


A 

0*770 

( 

C X 2 

0*736 


B X ^ 

0*689 

1 n ( 

A 

0*751 

60 si/ CU • 

4 

K 


40 4^ D 1 

B X ? 

1*020 

▼ 

C X „ 

0*618" 

1 

2 



3 



A 

0*751 


Dx® 

0*606 

o 

D 

x; 

1*189 


Supplementary Experiments on Cast-Iron. 

Dimensions of cast-iron bar and tcst-pieccs used in the supplementary experi- 
ments on cast-iron : — 

Beam, 3*18 inches by 1*54 inch, Z = 2*596. 

Tensile test-piece. No. 1 diameter = 0*754 inch ; area, 0*446 square inch. 

” ” f I not used. 

„ „ No. 3) 

The strains on No. 1 were measured on 10 inches, the test-piece being turned 
for 11 J inches It was held by Professor Kennedy’s ball-and-socket holders, 
thus eliminating any inaccuracy of pull due to wear in the testing-machine 

The strains wore measured by Professor Kennedy’s now oxtensometer, giving 
simultaneously the mean of both sides. 

Specimen for compression : — 

Diameter 1*755 inch. 

Area 2*419 square inches. 

Ijength 7*00 inches. 

The strains on this specimen were measured on 5 inches. 

The strains on the beam were measured on 7^ inches, but are reduced to an 
equivalent strain on 10 inches in order to compare with other measurements. 

[the INST. C.E. VOL. XCVm.] 2 A 
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TensUm. 

Particulars of Experiment. — Tension. Cast-iron test-pieco same material as 
cast-iron beam in supplementary experiments. 

Dimensions of specimen, 0 * 754 incb in diameter. Area, 0 * 4465 square incb. 
Extensions measured on 10 inches. 


Total Load. 

Streea per 
Square Inch. 

Extensfon. 
lOtitbs of an 
Inch. 

Total Load. 

Stress per 
Square Inch. 

Extension, 
looths of an 
Inch. 

Lbs. 

0 

LbB. 

0 

0*000 

Lbs. 

5,500 

Lbs. 

12,320 

1*120 

500 

1,120 

0*070 

6,000 

13,440 

1*240 

1,000 

2,240 

0*175 

6,500 

14,560 

1*355 

1,500 

3,360 

0*265 

7,000 

15,680 

1*480 

2,000 

4,480 

0*365 

7,500 

16,800 

1*600 

2,500 

5,600 

0*465 

8,000 

17,920 

1*735 

3,000 

6,720 

0*565 

8,500 

19,040 

1*855 

8,500 

7,840 

0*670 

9,000 

20,160 

1*990 

4,000 

8,960 

0*790 1 

9,500 

21,280 

2*130 

4,500 

10,080 

0*890 1 

0 

0 

0*000 

5,000 

11,200 

1 

1*010 1 





Particulars of Expeiimcnt. — Compression. Cast-iron test-piece same material 
os beam in supplementary experiments. 

Dimensions of specimen, 1 *755 inch in diameter. Area, 2*419 square inches. 
Extensions measured on 5 inches. 


Total Load. 

Stress per 
Square Inch. 

Compression. 
l,00Uths of an 
Inch. 

Total Load. 

Stress per 
Square Inch. 

Compression. 
IfOOOths of an 
Inch. 


Lbs. 

4,134 

o-ooo 

I.bs. 

60,000 

Lbs. 

24,804 

Hi 

15,000 

6,200 

0*070 

65,000 

26,870 

mmm 

20,000 

8,268 

0*160 

70,000 

28,940 


25,000 

10,330 

0*260 

75,000 

31,010 


30,000 

12,402 

0*340 

80,000 

33,072 


35,000 

14,470 

0*430 

85,000 

35,140 

mgm 

40,000 

16,536 

0*525 

90,000 

37,206 


45,000 

18,603 

0*620 

1 95,000 

1 39,280 

mmm 

50,000 

20,660 

0*700 

100,000 

41,340 

msBM 

55,000 

22,740 

0*780 

1 

j 10,000 

4,134 

0*000 
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Particnlani of Experiment — Caet-iron bar 62 inches long, machined all over. 
Dimensions of specimen, rectangular section 8 *18 inohos by 1*54 inch; area, 
4*89 square inches; Z = 2*596 ; span 60 inches; double knife-edge. Ex- 
tensions measured on 7^ inches. 



Particulars of Experiment — Same bar as in preceding Table. Strains measured 
over 7i inches in position A (for meaning of position A, see Fig 11) 

Span 60 inches. Single knife-edge. Extensions measured on 7^ inches. 


Total Load 


1 OQS. 
0 


i 

i 

i 

1 

H 

If 
2 . 
0 


Comprewion 
lOOtha of an 
Inch 

Scale Iteading 



Extension. 
lOUths of an 
Inch 

Scale Heading. 


0 000 
0*190 
0 365 
0*540 
0*725 
0*915 
1*105 
1*300 
1*495 
0*000 


2 J 
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Particalars of Experiment. — Same bar as in preceding Tables. Strains measured 
over 7J inches in position B. 

Span 60 inches. Single knife-edge. Extensions .measnred on 7J inches. 


Total Load. 

Mean 

Stress per 
Square Inch. 

Compression. 
lOOths of an 
Inch. 

Scale Reading. 

Extension. 
lOOtbs of an 
Inch. 

Scale Reading. 

l.bs. 

0 

Tons. 

0*00 

■1 


i 

0*72 

■ffiM 


i 

1*44 

■IH 

mBm 

i 

2-16 

mmm 

0*295 

1 

2*88 1 


0*395 

n 

3*61 1 

0*485 

0*510 

n 

4-33 

0*580 

0-615 

If 

505 

0 675 

0*725 

2 

5*77 

0*770 

0*835 

0 

0-00 

0*010 

0*000 


Deflections at various points throughout the span of cast-iron bar (as in 
preceding Tables). 



Deflections in lOths of an Inch. 

Load. 

Centre. 

6 Inches from 
Centre 

10 Inches from 
Centre. 

16 Inches from 
Centre 

Tons. 

0 

0*00 

0*00 

0*00 

0*00 

i 

0*50 

0*48 

0*40 

0*33 

i 

1*04 

1-00 

0*80 

0*70 

* 1 

1*60 

1*52 

1*32 

1*07 

1 ! 

2-15 

2*05 

1*80 

1*45 

u 

2*77 

2-60 

2*29 

1*85 

u 

3-40 

3-20 

2-80 

2*26 

If 

3*96 

3*71 

3*25 

2*65 

2 

4-52 

4*25 

3*64 

8*03 

0 

0*00 

6*00 

0*00 

0*00 


Owing to the variation of the tensile modulus of cast-iron, it is impossible to 
give huch a summary as in the case of the steel beams The figures are given 
for each experiment, and an analysis for comparison must be made by judging 
what should be considered the mean modulus to bo introduced into the various 
formulas. 

See Plato 5, Pig. 6, in which some of the results of the foregoing Tables are 
plotted as curves. 
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{Students* JPaper No. 254.^ 

‘‘The Oyclical Velocity-Variations of Steam and other 

Engines.” ^ 

By HERBEur Byrom Ransom, Stud. Inst. C.E. 

The term “ Cycle,” as it will be used in this Paper with regard 
to heat-engines, arose at the commencement of the century when 
Carnot published his famous theory of the perfect reversible 
engine. 

A complete cycle is one large process, consisting of the four 
minor processes ; (1) Increase of volume at constant temperature; 
(2) Adiabatic expansion ; (3) Compression at constant temperature 
such that when (4) the volume is further diminished to the original 
volume without the substance being allowed either to admit or 
absorb heat. 

These conditions cannot be rigidly adhered to in practice, and 
in the steam-engine they would be graphically represented by its 
indicator diagram. Hence the ordinary simple double-acting 
steam-engine has two complete cycles in one revolution of the 
fly-wheel. Gas-engines, on the otlier hand, vary considerably, 
from the Atkinson which has one cycle to one revolution, to 
the Griffin and Beck engines with one cycle to every three 
revolutions. 

The term cycle, as applied to recent gas-engines, is, therefore, 
very much modified from the original use of the word. 

The rest of the title needs very little comment, except that no 
attemjjt will be made to suggest any law governing the fluctua- 
tions. It is in the first place doubtful whetlior considering the 
number of variable quantities involved, such as steam-pressure, 
«peed, cut-off, friction and resistance, a practical law could be 
formulated; and secondly, a far greater number of experiments 
than have hitherto been made, and under all the varying conditions, 
would have to be undertaken afresh, supjiosing the instrument 
about to be described were absolutely accurate. 

^ This Gommimication ■was read and discussed at a meeting of the Students 
on the 22nd of March, 1889, and was aif« aided a Miller prize in the Session 
1888-^9. 
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It may seem a trivial matter whether an engine varies its speed 
during one cycle or not, since it might naturally be supposed that 
the variation in such a small space of time would be itself very 
small ; but any one acquainted with the delicate nature of the 
work done in spinning and textile factories also knows that very 
small fluctuations may cause the breakage of thousands of threads^ 
and consequently, the stoppage for a time of a corresponding 
number of spindles. This difiiculty is so great that engines 
designed for such purposes have enormous fly-wheels and very 
excellent governors. The use of compound engines, with the 
oranks arranged at an angle, has recently modified matters ; but 
nevertheless, the fact that small fluctuations are very dangerous 
and have never been accurately measured remains true. 

Again, for electric lighting purposes, it is important to obtain an 
evenly-running engine. In the earlier years of electric lighting, 
attempts were made to take the current direct from the dynamo 
to the lights, the prime mover being an Otto or other gas-engine. 
Obviously, the gas-engine having only one impulse to every one, 
two, or even three revolutions, ran very irregularly, and the light 
varied according as the engine was receiving an impulse or merely 
pumping or compressing a charge. 

These two examples show that the experiments, undertaken by 
the Author, were not merely laboratory experiments, but were 
attempts to remedy an acknowledged evil by first measuring its 
amount. 


DESCRimON OF THE APPARATUS. 

The apparatus, made by Messrs. Manlove, Alliott & Co. (Figs. 1), 
was very simple, and is described in the Journal of the Society of 
Arts in connection with the trials of motors for electric lighting.^ 

The main idea is to make an instrument to record equal intervals 
of time, mark its beats on a drum rigidly fixed to and turning 
with the unequally revolving fly-wheel. The time-recorder 
in this instrument is a tuning-fork of 500 pitch, stimulated 
electrically. 

Firmly fixed to one prong is a piece of very light beaten-out brass, 
stiffened horizontally, until within J inch of the point, by being 
made semi-cylindrical in section, the other prong being carefully 
balanced to match. The drum is keyed on to a J-inch steel spindle 


' Journal of tho Society of Arts, 1889, vol. xxxyii. p. 242. 
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supported by two bearings on a cast-iron bed-plate. The spindle 
should be attached to the end of the crank-shaft in such a way 
that it cannot move without the crank-shaft. The tuning-fork is 
carried on an ordinary lathe tool slide-rest, which in its turn is 
clamped to the bed-plate carrying the drum. Toothed wheels are 
keyed on to the drum-spindle and on to a screw, which gives the 
rest a horizontal motion parallel to the axis of the drum. 


Figs. 1. 






Scale 2 inches == 1 foot. 


The remaining motion of the slide-rest, namely, in a direction 
at right-angles to the drum axis, enables the worker to throw the 
toothed wheels into or out of gear at will. 

The connection of the drum-spindle to the engine-shaft used in 
the first trials was made as follows. The drum-spindle was tai)ered 
about 4 inch at the extremity, and fitted into a corresponding 
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conical hole in the end of the crank-shaft, to which was fixed a 
small gun-metal crank of about 2 inches radius, the pin of which . 
entered a small disk fixed on the end of the spindle. The spindle 
was kept tight in the conical hole by means of a flat spring pressing 
on its outer end. 

By this arrangement it is possible, with engines running up to 
100 revolutions, to throw the spindle into and out of gear without 
stopping the engine. 

It has been previously stated that the tuning-fork carried a pen. 
The drum was covered with specially prepared tightly drawn 
smoked paper, and the whole was so arranged that when the teeth 
of the wheels properly geared, the tip of the pen just lightly 
touched the smoked paper. 

The tip of the pen was bent so as to point tangentially to the 
surface of the drum, and the drum itself rotated in the same 
direction that the tip pointed. 

The object of all these precautions was to lessen the friction 
between the pointer and the paper. The friction probably would 
not alter the period of the wave, but it certainly would alter its 
amplitude. 

In fixing the paper on the drum it is prudent to arrange so that 
the lap-joint may come at an unimportant part of the curve. It 
must then be smoked with camphor soot, and at the same time all 
moisture in the paper, which must bo put on damp, removed, the 
paper thereby becoming taut. 


First Experiments on the Steam-Engine, University College, 

London. 

The engine used was that belonging to the University College, 
London, Engineering Laboratory, which, through the kindness of 
Professor Kennedy, was placed at the Author’s disposal. It is a 
tandem compound condensing-engine of about 15 indicated HP., 
steam-jacketed in both cylinders, and is of a typo still often built 
by Messrs. Donkin for pumping purposes. It has a very heavy 
fly-wheel, and the air-pump is worked direct off the connecting-rod 
by means of a link. 

The engine worked for the first two or three trials with the air- 
pump on, but it was disconnected for the remainder, the Author 
thinking at the time that this might materially influence the 
fluctuations, by suddenly applying a severe load on the connecting- 
rod just at its rise on the forward stroke. 
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After the engine was adjusted as to resistance speed and cut- 
off; the drum-spindle was pushed into gear with the crank- 
shaft, and the tuning-fork, stimulated by two or three Grove’s 
cells. 

At a given instant, by turning the handle giving the tuning- 
fork a motion towards the drum, the toothed wheels came into 
gear, and the pen just lightly touched the paper. The fork 
was now carried horizontally along the drum, describing a spiral 
consisting of small waves for some twenty continuous revolutions 
on its surface ; the tuning-fork was then withdrawn from tlie paper 
and the engine could be stopped. The total number of vibrations 
shown on the drum (Fig. 2) was checked by a stop-watch, it being 
started at the instant the pen touched the paper and stopped at the 
instant of leaving it. 

Then, by adding up the number of vibrations on the drum paper, 
and assuming that the maker’s statement, that the i)itch of the 

Fig. 2. 

.A/VNAAA/VXAi^VVAAAAAA-'NAAAAA/VA/VVVr^/VVyvv/VXAAAA/V^AAAA/VV^^ 

VW^AAAA^^^\AJV^''c/^AAA/'AAAAAAAAAAAAAAAA/^/W^AAAAAAAAAAAAAAAAAAAAAAA/V 
^ArvAA/VV^AAAAAAAAAA/W\A/\/^Al^AAAAAA/^A/^AA/^/^AA^w^A/WWVVW^/V^^^ 
V\'^yW\AA/^AAAAAA/^J^/^AAAA/VW' 'NAAAAAAAAAAAAA/WVNAA/VWVNAAA/NAAAAAATyv/' 
^AAAA/V^A/VV^A/V^AA/^A/■\AAA/^/V/^A/V/VV^/V^A^^/V^/V^rw'V^/\A/^^ 

<AAAAAAAAAA/W\AAAAA/VV\AAAAAAAAAAAAAAAAA/\A/WV\AA/V\A/NAAAAAAAAAAAAA. 

Fac-SIMILB of CUBVKS OBTAINED with CYCLOMETER from SiEAM-EnGINB of 
University College, London. 

fork was correct, namely 500 vibrations to the second, the result 
could be compared with the result obtained by the stop-watch, and 
at the same time that the pen was in contact with tlie paper, four 
indicator diagrams were taken. The position of the paper with 
reference to the pen when the engine was on either centre was 
carefully marked, and then the paper would be removed, varnished 
and hung up to dry. 

Taking for example trial No. 5 (Plate 6, Figs. 1 and 2) : — The 
conditions of working were ; boiler-pressure, 85 l}>s. ; brake HP., 
3*67; early cut-off ; non-condensing ; the instrument recorded 
18*8 revolutions ; and the mean number of waves in each revolu- 
tion was 394. Therefore the^ revolutions per minute wore 76*2. 
The method of scaling adopted was as follows. The number of 
waves representing 1 revolution were ticked off by tens starting 
from the wave corresponding to the front centre of the engine. 
A length enclosing the length of the first ten waves was taken by 
compasses, and plotted along a horizontal straight line. Five 
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times tMs length plotted vertically gives the mean velocity over 
this portion of the curve on some scale. 

By this plotting every length of ten waves during the revo- 
lution, a complete curve, whose ordinates represents the velocity of 
the fly-wheel at any point, may be obtained. Great care has to be 
taken in measuring off the lengths of the sets of ten waves. It 
frequently happens that the pointer, especially if the camphor 
black on the drum-paper be too thick, throws off the fine particles 
on each side of its true path. This can easily be avoided by 
only lightly smoking the drum; but should it occur by some 
mischance, greater care must be exercised in plotting. Another 
precaution is to take the mean of the lengths of ten waves, 
starting from those immediately adjoining the wave which 
happens to be the first of the group whose united length is to be 
measured. 

In the case in point there are, in the first revolution, for 

402 • 5 

example, 402*5 waves; therefore the time of revolution = 

500 

seconds = 0*805 second. 

This is equivalent to 74*5 revolutions per minute. 

On the drum the length of these 402 * 5 waves is 1 8 * G inches ; 

therefore ~ x 10 - mean length of 10 waves = 0*4C>4 inch. 

Let the moan crank-pin velocity = 5 x 0*464 inch = 2*32 inches. 

XI • 1 XT. ^ 3*1416 circumference 

The stroke is 1 2 inches ; therefore 


0 * 805 time of this revolution 
= mean crank-pin velocity in feet per second = 3*9026 feet per 
second. 

On paper, 2*32 inches = 3*9026 feet per second; or 1 inch = 
1*68 foot j)or second = scale for the crank- pin velocity. In this 
way several revolutions in each trial were plotted. 

It obviously was of the greatest importance to have an inde- 
pendent check upon the results thus experimentally obtained. For 
this purpose the author in each experiment took a set of indicator 
diagrams, and, having corrected them for the inertia of all the 
reciprocating parts, drew the corrected crank-pin pressure or 
twisting-moment diagram plotted to the rectified path of the 
crank-pin as base. By drawing a horizontal at the moan height 
of this diagram the area representing the fluctuation of energy 
may easily be ascertained. Then, if the weight of the fly-wheel 
be accurately known and reduced to crank-pin radius, the following 
formula generally used for obtaining the weight of the fly-wheel 
rim to be used for a given fluctuation, can be applied . — 
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Va-Vi 


_ Efl' 

~ WnaVo' 


Where 


Vj = minimum crank-pin velocity in feet per second ; 
Va = maximum 
Vo = mean 


(Calculated for each revolution.) 

^ ^ radius of gyration of fly-wheel __ 4 . 4(5 . 

“ crank-pin radius ' 

E = area representing the transference of energy corre- 
sponding to the change of velocity V2 — Vj ; 

W = weight of fly-wheel rim in lbs. ; 

^ = 32*2 feet per second. 


In this part of the work it was of the greatest advantage to have 
used a laboratory engine, since the weight and dimensions of every 
part had been frequently accurately determined both by the 
Author and by many other persons. Nevertheless, though the 
formula is founded on sound theoretical reasoning,^ several assump- 
tions have necessarily boon made in its construction. 

In the first place, the friction throughout the engine has been 
neglected ; and secondly, the moan velocity Vo has boon assumed to 
be the arithmetic mean between the maximum and mean velocities, 
or that 

_ Vx 4- V 2 
Vo - ^ . 


Also the connecting-rod is assumed as acting with one-half its 
weight at the cross-head and one-half at the crank-pin. There 
also is a fourth assumption, which in the Author’s opinion is not 
quite unimportant. The fluctuation area (E) is found by drawing 
a horizontal straight line at the mean height of the twisting- 
moment diagram. It is said that the resistance during 1 revo- 
lution may be assumed to be constant ; but obviously this need 
not be so, and, to those who have ever had to manage a brake at an 
engine trial, it would seem to be very doubtful. If the resistance 
does vary, then the horizontal straight line should be altered to 
some irregular wavy line representing the change in resistance 
throughout the stroke. Further, if the engine is gaining or losing 
in speed, the fluctuation area would be larger or smaller than the 
area cut off by a horizontal straight line at the mean height of the 
twisting-moment diagram. 


The Mechanics of Machinery.'* By Alex. B. W. Kennedy. 1886. 
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In the first case the net value of E would be the same, but it 
would probably alter the positions of the maximum and minimum 
velocities, and in the second case neither the amount of E nor the 
positions would be correct. An instrument to measure and record 
the variations in resistance has been used in America by Professor 
Thurston.^ Hence the fluctuations as determined by means of 
this formula are probably only approximate, and the finding of E 
entails a long and elaborate construction before even this approxi- 
mation can be arrived at. 

A still further test, based on the former, was also carried out in 
several trials. Seeing that the twisting-moment diagram repre- 
sents the varying pressures on the crank-pin at each ];)oint of its 
path, the same diagram with the mean height as base-line will 
be an acceleration curve in some unknown scale. Eurther, if this 
be an acceleration diagram, and the velocity at some point of the 
crank-pin path be known, the corresponding crank-pin velocity 
diagram can be deduced from it and compared with that found by 
experiment. 

An assumption must again be made with regard to the relation 
between V^, Vj, V^, in order to find the magnitude of the 
maximum velocity. 

Y 4 - V 

Assuming, however, as before that Vo = — ^—75 — ^9 and knowing 

also from theoretical reasons the position of the maximum velocity, 
its magnitude may bo determined from the two equations 


Vo 


V,-Yx 


Vx+V,) 

~ 2~~ 

E (7 

Wn^Yo. 


The scales, of course, are difterent from what they were for the 
previous curves, but they can readily be determined by the 
methods recommended by Professor Kennedy. Several experi- 
mental curves have been plotted on the same scale for comparison, 
and on the whole the two agree fairly well. An important point 
to notice is that the positions of the maxima and minima, as 
found by experiment, agree very closely with those suggested by 
theoretical reasoning. 


^ TransactionB of tlie Amorican Society of Mechamcal Engineers, vol vui. 
p. 86; and JEngn^eenng^ 1889, vol xlvii p 22. 
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The annexed Table shows the results of some of the trials 
undertaken, and also the results obtained theoretically : — 


Trial. 

Bevo- 

latlonB. 

Velocity In Feet per Second. 

E|7 

W n^To* 

Fluc- 

tuation, 

per 

cent. 

Number 
of Waves, 
lOO WavfH 
= J second 

F. 

B. 

Maximnm. 

Minimmn. 

Mean. 

Difference. 

5 * 

1 


mi 

3*820 

3*900 



2*56 

402*5 

5 

.. 

1 

mm 

3-780 

3*900 

0*1500 


3-85 

402*5 

5 

15 

. . 

4-015 

3-920 

4*000 



2*04 

392*3 

5 * 

. . 

15 


3*895 

4*000 

0-1300 


3*25 

392*3 

5 

21 

. . 


3*920 

4*000 



2*00 

392*0 

5 


21 


3*915 

4*000 

0*1150 


3*08 

392*0 

6 

, , 

1 

5*070 

4*900 

5*025 

0*1100 


2*19 

312*6 

6 

. . 

3 


5*000 

5*010 



1*99 

311*4 

6 

, . 

5 


5*025 

5*080 


0*0093 

1*87 

309*0 

6* 

. . 

19 

5*130 

5*000 

5*055 

0*1300 

0*0998 

2*58 

313*1 

6 

• • 

21 


*960 

5*056 

0*1400 

0*0907 

2*77 

313*3 

2 


1 


4*875 

4-960 

0*1600 

0*0915 

3*23 

317*0 

2 

1 

. . 


4*910 

4*960 

0*1100 

0*0915 

2*22 

317*0 

2 

. . 

14 


4*835 

4*910 

0 1650 


3*36 

320*2 

2 


•• 

5*040 

4*840 

4*910 

0*1600 

0*0920 

3*27 1 

320*2 


N.B — ^Tho asterisk denotes unreliability. 


It should be noticed that an increase in the number of waves per 
revolution, that is, a diminution in speed, almost always brings 
with it an increase in the fly-wheel velocity-fluctuation ; and 
conversely, an increase in speed, as shown by a diminution in the 
number of waves per revolution, brings with it a diminution in 
the fluctuations. This obviously should be so if the formula 

^9 • X 

^ o IS correct. 

W Vq 

In most cases the maximum velocity is less in the forward stroke 
than in the back stroke (the engine running clockwise), the mini- 
mum also is less. 

The fluctuation therefore becomes greater in the back [strokei^ 
Nevertheless, in the self-same cases the reverse should be true if 
E<7 


the value of 


t-t „ were correct. 
Wn^ Vo 


On the face of things it would 


apx>ear that the maximum in the forward stroke should /be less 
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than tliat in the back stroke, because some of the reciprocating 
parts are rising then, and falling during the back stroke. 

Gas-Engine Trials. 

For the velocity diagrams and curves of the gas-engine the 
Author is indebted to the kindness of Professor Kennedy (Figs. 3). 

The engine was a 9-inoh (stroke) by 4j-inch (cylinder diameter) 
Crossley Otto, of recent make. The trials were undertaken by 
Mr. Forbes, in October, 1888, under several different conditions, 
such as engine running light, with full load, and in transition 
state. The velocity curve was deduced by the same methods from 

Figs 3 



Scales Space, 1 inch = 6 75 inchra , pr^ure, 1 inch = 150 lbs per square inch 

Otto Indicator Diagrah, and Crank-Pin Prkssurb Diagram 

the indicator diagram as has been described. The cards were, 
however, not taken fiom this particular engine, but from another 
of similar make, and using the same volume of gas. 

Seeing that the machines in question are gas-engines of the 
same type, and that there are no variable cut-offs, and that the gas 
vras the same in both cases, it is assumed that the cards can give 
no important variation. 

One fact, however, should be noticed, that in finding the fluctua- 
tion theoretically it becomes a difficult operation to discover with 
accuracy the mean velocity for any 3 or 4 revolutions which may 
be analyzed. The reason is that, as the Otto engine has only one 
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impulse to every 2 revolutions, and that it is governed by missing 
out an entire explosion, the fluctuations become so great over the 
dozen revolutions close to the miss, that their mean may vary 
15 per cent, from the mean calculated from the revolutions per 
minute. It may be argued that the same objection holds for the 
steam-engine ; but in that case there are two impulses to 1 revolu- 
tion, and no misses ; that is, there are eight times as many impulses 
as in the Otto engine when the governor comes into play, and 
hence the mean velocity does not change nearly so much. The 
action of the governor is shown very clearly in one trial worked 
out by Professor Kennedy and Mr. Forbes (Plate 6, Fig. 5). In 
the diagram 8 consecutive revolutions are plotted, the engine at 
the time driving a dynamo and giving 71 explosions per minute for 
177 revolutions, or about 80 per cent, of the maximum number. In 
the first cycle the maximum is lower than in the second, and in the 
third it is liiglier still ; so high, in fact, that the third minimum is 
greater than the first maximum. The result of this rapid rise of 
velocity is shown in the seventh revolution ; where, were the 
engine to bo running steadily an explosion should occur, an explosion 
is cut out altogether, as shown by the continued decrease in velocity. 
The decrease continues steadily until the end of the eighth revo- 
lution, at which period the velocity has reached about the same 
limit as when the curve first started, and consequently in the 
following revolution an explosion again takes place. 

The ratio of the maximum velocity to the minimum reached 
during the 8 revolutions, during the same period, is 1 • 14. The 

percenttigo calculated from the mean velocity = n — 

* ” mean velocity 


= 13*15. 

The i^ercentage of fluctuation during one cycle taken in the 
same way is 11 * 50. 

The Author is of opinion that, although the numerical results 
given in this Paper are not sufficient to be of much value, beyond 
having an interest attached to them as being hitherto practically 
indeterminate, they are sufficient to show that such an instrument 
as has been described is capable of performing the duties for which 
it was designed; and he is also of opinion that it has certain 
important practical uses. Suppose, for instance, that an engine 
be required to have great regularity in running, and that the 
resistance keeps moderately constant, as would be the case in most 
factory engines. At present the means adopted to secure this are 
to have a very heavy fly-wheel and good governing arrangements. 
In consequence, the crank-shaft and bearing surfaces have to be 



Woeptionally strong and large. On tlie other hand, seeing that in 
all engines the velocity of rotation during each cycle must vary, 
there must be some positions (minimums of the crank-pin for which 
the engine would run easier if the fly-wheel were lighter in order 
to increase the velocity, and others (maximums) where it would 
be better for the fly-wheel to be heavier. Hence the conclusion is 
arrived at that a fly-wheel, whose inertia may be increased or 
diminished at the positions of maximum and minimum velocity of 
the crank-pin, to absorb or give out its superabundant or its 
redundant energy, is desirable, to give a perfectly even velocity of 
rotation. Further, that if such a fly-wheel were designed, it 
would probably be lighter than one designed in the ordinary 
fashion. 


The instrument is also useful for testing the action and 
eflicioncy of governors, an example of which has been given for 
the Otto engine trial. It was moreover used by the Committee of 
the Society of Arts in the recent motor trials, simply to test the 
regularity of running of the competing engines. Many curves 
wore taken by them, but they were afterwards discovered to be 
unreliable from the coupling slipping. It should be added that at 
least one large firm of general engineers is making one of these 
instruments, in the belief that it will be of use in testing engines, 
especially gas-engines. 


There are several points to which the Author would wish to 
direct altoiition. The apparatus must be used caiefully. If for 
high speeds, special arrangements must l>e adopted lor the coupling 
between the s])indle and the crank-shaft, and to enable the worker 
to give the tuning-fork its horizontal motion at any moment he 
pleases. Obviously throwing two toothed wheels into gear after 
the manner described, whilst one of them is running at a hicrh 
speed, would bo a very awkward arrangement. In the cases of 
very higli speeds, no doubt a more highly pitched tuning-fork 
would bo advisable. ^ 

In conclusion, the Author begs to acknowledge his indebtedness 
to Trofessor Kennedy for the great help and attention shown him 
during his first experiments, and afterwards for the data of other 
tnals since furnisheil. Great help was also afforded him by 

Marshall, of Uniyersity College, 


The Paper is accompanied by seyeral tracings, from 
Plate 6 and the Figs, in the text have been prepared. 


which 
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(Paper No. 23S3.) 

“Balanced Slide-Valves.” 

By John Carter Park, M. Inst. C.E. 

This communication is illustrative of various forms of Lalancetl or 
partly balanced slide-valves, wliicli Lave been from time to time 
experimented with on the locomotives in use on the North London 
Railway, with the dates of their introduction (Plate 7, Figs. 1 to 1 1 \ 

Figs. l,y (1856), show a form of valve having the steam ad- 
mitted through the steam-chest cover to the inside of tlio valve, 
the stcam-chest being relieved of jiressuro and communicating 
only with the exhaust ; the steam-lap in this case is on the inshle, 

which reduces the size of the valve. 

]Vf 

Figs. 2, (1863), show a jiair of balanced-valves as a])plied to a 

six-wheeled coupled goods engine No. 11, having imido (ylLnders. 
Each valve is in three jiiocos, and works between two parallel 
faces, the valves being fitted with adjustable wedges to take u]) 
the w'ear. The valves were never tight, and the difficulty of ob- 
taining and maintaining ])arallel faces when hot was so great 
that they wore taken out alter a low weeks’ trial. 

Figs. 3, (1867), show a valve on Tliomas Adams’ princiide, 

having a relief-ring fitted to the back of the valve, and working 
Instween the cylinder-face and the steam-chest cover. The relief 
ring is kept up to the cover-face by the spring shown, 'J’ho 
valve exhausts the steam through the steam-chest cover, the 
ordinary exhaust-port being blocked uj), and the engine had a 
very free exhaust; it ran for alx>ut six months, but the valve 
ultimately had to bo taken out owing to leakage through the 
relief-ring. 

Figs. 4, ^ (1867), show another form of a ])air of Thomas 
Adams* valves, fitted within a very narrow space to an inside- 
cylinder engine. These valves had two relief-rings, and ran for 
some six months ; they, however, required too much attention to 
keep tight, and they had to be replaced by the ordinary valves. 

Figs. 5, ^ (1868), rejiresent another valve of cast-iron on Thomas 

Adams’ principle, fitted with one large relief-ring ; this valve was 

[the INST. C.E. VOL. XCVIII.l 2 B 
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applied to a standard passenger ontside-cylinder engine, and great 
tronble was experienced in keeping it tight. The hack of the 
valve, though bored out truly to receive the ring, was not found 
to be round when hot ; the ring used to stick, the packing-ring 
would not remain tight, and although the leakage was reduced to 
a minimum, still it increased the consumption of fuel, and the 
valve was replaced by the old one. 

Figs. 6, ^ (18G9), are a form of valve designed by the late David 

Park. It was fitted to an outside-cylinder passenger engine. The 
novel feature in this valve was that a large portion of the load 
on the valve was taken by the relief-ring and carried on a steel 
roller running on a bridge-piece inserted over the exhaust-port. 
This valve soon gave trouble owing to the wear of the roller, and 
the seizing of the pin ; it was replaced by the old valve after 
two or three months’ trial. 

Figs. 7, views of Outridge’s form of 

balanced- valves fitted to an outside-cylinder engine. The port face 
is covered by a plate having the steam and exhaust-passages through 
it, corresponding to those in the cylinder face. The valve works 
at right-angles to the ordinary face between two port faces, one 
being adjustable to take up the wear, and the size of the valve is 
1 ‘educed to about one-half the ordinary size. The plate is free to 
drop away from the cylinder face when steam is shut off to avoid 
“ pumping,” and rests against the stud S. The difficulty in ob- 
taining steam-tight parallel faces was again experienced ; but 
after careful adjusting, the valve was sufficiently tight to run, 
which it did for some months. The revorsing-lever was easily 
handled, with steam at 160 lbs. per square inch full on, and the 
wear was very slight on the face of the valve ; but constant atten- 
tion was required to keep it tight, and it was replaced by the old 
valve, there being no saving of fuel. 

Figs. 9, M, represent a pair of Dawe’s valves tried on an out- 
side-cylinder engine. In this class of valve the relief-frame is 
connected to the back of an ordinary valve by a flexible steel 
diaphragm, so that the valve is practically one piece. Owing to 
the inability of this valve to leave the faces when running with- 
out steam, pumping is set up, causing a partial vacuum in the 
steam-chest ; the diaphragm soon failed and took a permanent set, 
steam blowing through, and finally it cracked round the frame. 

Figs. 10, Q (1873), show a pair of cast-iron balanced slide-valves 
designed by Mr. Manico, and tried in No. 63, inside-cylinder pas- 
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senger engine. There >wre only two parts in this valve, namely, 
the valve proper, and the relief-plate. The valve was simply a 
frame, perforated on its inside and outside edges, to give quick ad- 
mission and release ; the relief-plate had duplicate steam-ports on 
the inside, and was free to leave the valve when steam was shut 
off, thus avoiding pumping. The valve was in perfect balance, 
and the reversing-lever was quite free with steam full on. These 
valves at first gave promise of success ; but, after a few weeks, it 
was found that the relief-plate, although 1*| inch thick, sprang 
slightly with tto^ pressure, causing the valve to wear hollow and 
steam to blow through. 

Tvr 

Figs. 11, (1886). This form of valve is similar to the valves 

in use on the Grand Trunk Kailway of Canada, except that the 
valve works vertically instead of horizontally. 

It is simply an ordinary valve with packing-strips fitted to the 
back to work against the inside face of the steam-chest cover; 
the packings are kept up to the face by twelve spiral springs, and 
the steam-chest cover is provided with a port to convey the steam 
to the front end of the chest. Tho air- valve opens inwards, and 
prevents a vacuum being formed when running without steam ; a 
hole drilled in the back of tho valve puts the space within the 
area of tho packing-strips in communication with tho atmosphere. 
Although carefully fitted, these valves were never tight, and were 
replaced by the old valves. 

The communication is accompanied by eleven tracings, from 
which Plate 7 has been engraved. 


2 B 2 
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(^Paper No, 2365,') 

TJnderpiiming Great Yarmouth Town Hall.” 

By Frederic Eliot Duckham, M. Inst. C.E. 

The new block of municipal offices and law courts at Great 
Yarmouth was opened by H.R.H. The Prince of Wales, in 1882. 

The new structure was 132 feet by 108 feet by 50 feet high to 
the parapet, with a clock-tower 110 feet high. The whole weighed 
6,000 tons, and the cost was £30,000. It was built partly upon, 
and partly overlapping, the site of the old Town Hall. 

Tlie subsoil consisted of a gravel bank, underlying 16 to 18 
feet of ooze, and 5 or 6 feet of made ground, into which the 
trenches were cut for the concrete foundations. The River Yaro 
and its wooden quay-head were 70 feet distant from the west front 
of the now building. 

The structure gave early indications of unequal subsidence ; this 
continued, more particularly in wot seasons and at exceptionally low 
tides, until early in 1880 it approached the limit of safety, and 
steps wore taken to undoriun the worst portion by the insertion of 
concrete blocks beneath the foundation. The impracticability of 
removing the water from any trenches cut for this purpose, with- 
out at the same time jeopardizing the building, led to this attempt 
being abandoned, as also was the proposal to widen the foundations 
by the insertion of wrought-iron needles through the brickwork 
supported near the surface of the ground on the concrete blocks. 

By November 1886, the west or river front of the building, when 
compared with the east side, was found to have sunk 12^ inches at 
its ends and 8 inches at its centre, and there were some fissures in 
it as well as in the north and south walls. The building had not 
only settled but leaned towards the river. The Town Council 
therefore resolved to demolish the western portion of the block 
with the view to its being re-erected on more stable foundations. 

A scheme was then submitted to the Town Council by the 
Author, in conjunction with Mr. James E. Teasdel, Assoc. 
M. Inst. C.E., of Great Yarmouth, for providing a new foundation 
which would prevent the further subsidence of the western half of 
the building, and by means of which the portions which had settled 
most could be raised to the level of that which had settled least. 
This proposal also included the straightening and repair of the 
walls. These works were estimated to cost about half the money, 
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and to occupy one-tliird the time of the pulling down and re- 
building, previously suggested. 

The prominent features of this scheme were ; — 1st. The insertion 
of cast-iron screw-piles at intervals of about 9 feet inside and out- 
side the main walls (Plate 8, Fig. 1). These piles were to be 
about 23 feet long, screwed, say, 3 feet into the gravel bank, the 
metal to be 1 inch thick, the screw to be 12 inches greater in 
diameter than the piles and of 6 inches pitch, the X)iles when 
down were to be cleared of earth and filled with cement con- 
crete. The diameters of the piles were to be 2 feet and 2 feet 
G inches, to carry an approximate weight of, say, 35 to 50 tons 
respectively ; but it being stated that the soil of the district in- 
juriously affected cast-iron, the diameters were increased to 2 feet 
G inches and 3 feet, that, in the event of the iron failing, the 
internal concrete columns might safely take the weight. 

2nd. l^ouble lines of rolled girders, D (Plate 8, Figs. 1, 3 and 7), 
were placed on top of the piles, with a 2 J -inch space between them 
and parallel with the walls. 

3rd. Wrought-iron needles, E, 14 feet to 10 feet long, con- 
sisting mostly of rolled joists, 16 inches by G inches, with a top 
table added, of a length equal to the width of the original concrete 
and 12 inches wide, passed through under this concrete founda- 
tion at intervals of about 3 foot, to bo suspended at each end by 
two 2-inch bolts, GG, from the before-mentioned girders E. The 
connections to bo made by having a J-inch plate 15 inches square 
2 )laced on top of the girders, EE, 'turned down to clip them, and 
having two 2-inch clearing holes punched therein. Two 7-inch 
wrought-iron washers, Ell, Ij inch thick on this ]>late, and one 
spectacle-piece, 14 inches by G inches by 1 J inch under the needle 
or cross-girder E. The bolts to have 12 inches of thread. 

The tower, weighing 700 tons and having a base 20 feet square, 
to be somewhat differently treated. Five cylinders, two of 4 feet 
G inches and three of 5 feet diameter, to be sunk to the gravel as the 
adjacent walls permitted. The eastern and western walls of the 
tower, namely, those without o 2 )ening 8 on the ground floor, to be each 
sandwiched between a pair of massive lattice-girders below the 
floor level (Plate 8, Figs. 1 and 7). Needles of the section shown were 
to be inserted through the walls, and suspended from the upper 
member of the girders by four 2-inch bolts at each end. Two 
platforms of rolled joists were to be laid on the unequally placed 
cylinders to carry the ends of the four lattice-girders. 

It was claimed that the insertion of tlio needles under the 
foundations and through the tower walls, and the tightening of 
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the bolts, would transfer the weight of the btiilding from the 
unstable ground on to the screw-piles, and enable the sunken parts 
of the building to be raised to level lines, and that an excellent 
permanent foundation would be obtained at moderate cost. 

This proposal of the Author and Mr. Teasdel was adopted, and a 
contract for the chief portion of the work was entered into with 
Mr. Thomas Gibson, Assoc. M. Inst. C.E. 

The walls having been elBciently shored (Fig. 9), the trenches 
were cut and the first pile was pitched at the end of May 1887. 
As the work progressed, the whole western portion of the block 
and the tower became supported on a sort of gridiron of wrought- 
iron joists suspended from girders resting on the pile tops (Plate 8, 
Fig. 1). By a systematic and gradual screwing up of some sus- 
pending bolts more than others, the low parts of the building 
were lifted, the unsightly curves taken out of the walls, and the 
tower set upright. 

The ground was then cleared to a depth of 2 feet under the old 
foundation of the walls, and the trenches were filled in with cement 
concrete, forming one mass encasing the pile tops, girders and bolts. 
The damaged places in the walls were cut out and made good, 
the floors replaced and the premises refitted for occupation within 
twelve months. 

It should be mentioned that the lifting operation was so well 
regulated that even the enriched ceiling of the largo Assembly 
Boom was not injuriously affected thereby, and that the total cost 
of the work was well within the estimated sum of £8,250. 

The Paper is accompanied by a tracing, from which Plate 8 
has been prepared. 
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(Paper No. 2419. ) 

the New Programme for Ship-building” 

By W. n. White, F.E.S., M. Inst. C.E. 

In the course of the discussion upon Sir Nathaniel Barnahy’s Paper 
on “ Armour for Ships,” ^ frequent references were made to the new 
programme for ship-building embodied in the Naval Defence Act of 
1889; and particularly to the eight first-class battle-ships included 
in tliat programme. 

It occurred to the Author, therefore, that it might he convenient 
for the members of the Institution, if the Proceedings contained a 
brief summary of facts respecting this ship-building programme, 
and a description of the principal features in the design of the first- 
class battle-ships. 

The Admiralty scheme provides for the construction and com- 
pletion, before the 1st of April, 1894, of seventy additional vessels, 
viz : — 

Eight first-class battle-ships. 

Two second „ „ ,, 

Nine first-class protected cruisers. 

Thirty-three second-class protected cruisers, and 

Eighteen torpedo gun-boats. 

Of these vessels it is proposed to construct thirty-two of all 
classes in private yards, and thirty-eight in the Itoyal Dock- 
yards. 

It will be noted that all the vessels are to have relatively high 
speeds, and that all except the eighteen torpedo gun-boats have 
been designed with protective decks, either in association with 
vertical side armour, or as the main defence of their vitals. 

The protected cruisers of the second class are of two types. The 
smaller, four in number, are identical with the “Pandora” class 
of protected cruisers designed for service in Australian waters, of 
which class five were ordered in 1888 under the provisions of the 
Imperial Defence Act, and will be completed in the current 
financial year. In the second class, twenty-nine larger vessels 
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(improved “ Medeas”) are also included, superior in speed, armament 
and coal-supply to the “Pandora” type, and about 33 per cent, 
greater in displacement. 

In all these vessels the protective deck is practically identical 
in character. Its form is indicated on the outline sectional drawing, 
Plate 9, Fig. 1. The central portion of the deck is horizontal and 
situated about 1 foot above water; at the sides the deck slopes 
downwards, and its edges are about 3 or 4 feet under water. This 
form of deck is maintained over a considerable portion of the 
length, in order to protect the hold-spaces containing the engines, 
boilers and magazines. Before and abaft these si)aces the pro- 
tective deck is practically horizontal, and cariied to the bow and 
stern. The rudder-head, steering-gear, &c., are placed under its 
protection as well as under water. On the “ slopes ” the deck is 
formed of 2 -inch steel. On the horizontal portions the thickness 
is 1 inch. Cellular subdivision and coal-bunkers are used as 
supjjleinental defences in association with the protective deck as 
indicated in Plate 9, Fig. 1. 

The armament in all the vessels is carried in the open, on the 
upper deck, forecastles and poops. The guns' crews will be pro- 
tected by steel shields carried by and revolving with the 
mountings. 

The coal-endurance of these second-class cruisers is very great. 
With the weights of coal to be carried at the normal load-line and 
at the speeds named, the “ Pandoras ” will bo capable of covering 
a distance of (5,000 knots at a speed of 10 knots an hour. The 
larger vessels of the second class will be capable of steaming about 
8,000 knots at the same speed, when starting with bunkers full. 
These estimates are based upon the assumptions usual in state- 
ments of tlie kind for war-ships of all navies, viz., that tlie coal 
is good, that the engines and boilers are in perfect condition, tlie 
bottoms of the ships clean, and that the sea is smooth. In actual 
service those ideal conditions are not realized, of course, many 
circumstances tending to reduce the distances covered ; but the 
fact remains that the vessels have relatively large coal-sup- 
plies. 

All these cruisers will be proi^elled by twin-screws driven by 
inverted vertical-cylinder engines of the triple-expansion type. 
The boilers are to be double-ended and of the ordinary Admiralty 
return-tube pattern, working at a maximum pressure of 155 lbs. 
per square inch. 

The hulls will be constructed of mild steel, with cellular double- 
bottoms and minute water-tight subdivisions. As the vessels are 
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intended to be employed on general sea-servicc, and possibly on 
distant stations where docking accommodation, in time of war 
at least, may not be available, it is proposed to sheath with 
wood and copper the bottoms of many of them in order that 
they may maintain their speeds after being afloat for considerable 
periods. 

The first-class cruisers are vessels of much greater size, heavier 
armament, stronger protection and larger proportionate coal-supply. 
The protective decks will have the form shown in cross section by 
Plate 9, Fig. 2, with a maximum thickness of 5 inches of steel on 
the slopes. On the horizontal or nearly horizontal portions of the 
deck the thickness of steel is 2^ inches. As in the second-class 
cruisers these decks extend from stem to stern, and are associated 
with cellular subdivision and coal-bunker protection. 

The armament mentioned in the schedule above is to be carried 
chiefly on the upjier deck, but partly on the main deck. Its general 
disposition will resemble that illustrated for the first-class battle- 
ships in Plate 9, Figs. 4 and 5. For the protection of the crows 
of upi)er-dock guns, strong steel shields of the ordinary character 
will bo provided. At the stations of the main-deck guns, certain 
novel arrangements are to be made for protecting the guns and 
their crews, esjjecially from shell fire and high explosives, but of 
these arrangements no particulars can be given at present. 

The coal-endurance is very large. At a speed of 10 knots it is 
estimated (on the assumi^tions stated above) that the vessels will 
be capable of covering a distance of 10,000 knots ; in other words, 
they will have about six weeks’ coal on board for their ordinary 
cruising speed. Their maximum smooth- water speeds on the 
measured mile are the same as those of the larger second-class 
cruisers ; but their relatively great lengths and displacements 
will obviously secure superior qualities at sea as compared with 
the smaller cruisers, particularly in relation to maintenance of 
speed and steadiness of gun-platform. 

The remarks made above respecting the propelling-machinery, 
boilers and structural arrangements of the second-class cruisers, 
ap2>ly also to the first class. It is proj)Oscd to sheath with wood 
and cover with copper the bottoms of some of these vessels, in 
order to fit them for service on distant stations. 

To this brief description of the new cruisers may be added 
the following tabular statement of particulars and dimensions, 
chiefly based upon parliamentary papers presented during this 
session. 

As regards the second class battle-ships, all that can be said at 
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present is that they will be reproductions on a smaller scale of 
the first-class barbette ironclads, of which a description follows, 
but will not be so heavily armoured, and will carry a lighter 
armament. They will have a displacement about two-thirds as 
great as the first-class ships, be at least equal to them in speed 
and coal-endurance, and each carry four 30-ton (breech-loading) 
10-inch guns, besides a considerable number of smaller guns. 

The first-class battle-ships are eight in number. Seven of these 
will be armed on the barbette system, and one on the turret 
system. They will surpass all preceding ships in the Royal Navy 
in displacement, speed and auxiliary armament. 

Plate 9, Fig. 3, is a sectional drawing of the first-class battle- 
ships, showing the arrangement of armoured protection. Figs. 4 
show the principal features in plan, elevation and cross section of 
the barbette design. Figs. 5 give similar information for the 
turret-ship design. 

It will be convenient first to describe those features which are 
common to the two types. 

The principal dimensions are : — 

Length .... 

Br(*adth .... 

Displacement (about) 

Speed on measured mile, fully laden. 

Forced draught (about) 17i knots. 

Natural , 16 „ 

Coal-endurance (estimated as above described). 

Si)eed of 10 knots (about) 5 , 000 knots. 

„ 16 „ 1,800 to 2,000 knots. 

The armament of each ship will include : — 

Four 13i-inch 67-ton guns, in two turrets or barbedtes. 

Ten 6-inch ,5-ton guns, on broadsides. 

Eighteen to twenty-four 6-pounder and 3-pounder quick fin^rs. 

Five torpedo tubes (above water). 

Two „ „ (submerged). 

The heavy guns are to be carried in two protected stations, and 
to be given large arcs of horizontal training. All four guns will 
be available on either broadside. Two will be available right 
ahead and two right astern. The portions of the upper decks 
lying before and abaft the armoured stations will form simple 


380 feet. 

75 „ 

14,150 tons. 
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glacis over which the 67-ton guns can fire, free from obstruction, 
sweeping over from 120° to 130° on each side of the keel-line. 
The power of freely crossing the keel-line, and of bringing all 
the guns to bear on each broadside, is generally recoguized as of the 
highest importance by naval gunnery officers and tacticians. 
But what is of no less importance is the fact tliat tliis disposition 
of the heavy guns enables a very numerous and powerful auxiliary 
armament to be mounted in the long central battery, which is to 
be constructed between the armoured stations. 

Within and above this battery will bo carried ten G-ineli 5-ton 
guns, and eighteen G-pounder quick firers. Six of the G-incli guns 
will be mounted on the upper dock and four on the main deck. 
As regards shields and special protection for guns and gun crews, 
the arrangements contemplated for the battle-ships are of a character 
similar to those mentioned above for the first-class cruisers. Two 
of the upper deck 6-inch guns will be capable of firing right ahead, 
and two others right astern. The broadside G-inch guns will 
train through 120°, 60° before and abaft the bcjim. All these 
guns are to bo so mounted that they can be worked with 2 )orfect 
independence, not interfeiing with each other or being interfered 
with by the fire of the heavy guns. The 6-inch 5-ton guns are to 
be of the quick-firing i)attern, if the experimental guns now under 
trial prove successful. The weight assigned to each of these guns 
with its ammunition and mounting is twice as great as would be 
assigned to a gun of the same calibre, but not of the quick-firing 
pattern. It is antici 2 )ated that the 6-inch quick-firing guns will 
be capable of luercing 15 inches of wrought-iron at the muzzle, 
and that a maximum rate of firing of about eight rounds per 
minute will be obtainable. A less rajjid rate of firing will ordi- 
narily suffice. 

The great development of the auxiliary armament, which has 
been considered necessary in these ships, has very largely influenced 
the designs. The weight of the auxiliary armament in them is 
enormously greater than the corresponding weights which have 
been assigned to auxiliary armaments in any preceding ships. 
The total weight in the barbette ships (500 ton&') is practically as 
great as the total weight of armament, including all guns, carried 
by the “Dreadnought” as re-designed in 1872, although the 
“ Dreadnought ” had a load-displacement of nearly 1 1 ,000 tons. 

Moreover the provision of space, as well as weight, for the 
efficient working of these numerous and powerful 6-inch guns, with 
their great length in relation to their calibre, has necessitated the 
construction of the long central battery above mentioned, and 
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largely influenced the disposition and extent of the armour on the 
belt. 

In the heavy guns to be carried there is no advance in weight or 
calibre upon past practice, but rather a step backwards from the 
110-ton guns mounted in the “ Victoria,” “ Sans Pareil,” and “ Ben- 
bow.” But in the auxiliary armament there is an enormous 
advance, and this involves a large increase in total weight of 
armament to be carried by the new ships. The IS^-inch guns will 
have a powder-charge weighing 630 lbs. with projectiles weighing 
1,250 lbs. ; and it is estimated that these projectiles will be capable 
of penetrating 28*2 inches of wrought-iron at 1,000 yards. 

The armour protection of the hull proper includes two principal 
features. For two-thirds of the length at the water-line a bolt 
of armour is to be fitted having a maximum thickness of 18 inches. 
This bolt will extend 3 feet above the load-draught of the vessel 
and 5.^ feet below it. Athwartship armoured bulkheads will com- 
plete the protection afibrded by the belt, the armour at the ends 
of the belt and on the bulkheads being 14 inches thick. 

The deck at the height of the top of the belt will bo plated over 
with 3 inches of steel ; and before and abaft the belt the protection 
of the hold-spaces will be secured by a similar steel deck, fitted a 
few feet under water and extending to the bow and stern. 

These uiiarmoured portions at the ends of the ships will be 
subdivided into a great many water-tight compartments, some 
of the subdivisions being indicated on the plans in I’lato 0, 
Figs. 4 and 5. The compartments thus formed will be made 
use of for the stowage of fresh water, stores, chain-cables, provi- 
sions, &c. 

This subdivision and stowage of the spaces above tlio protective 
decks at the ends, which spaces are of comi)arativoly small volume 
owing to the fineness of form at the extremities, ensures that if the 
thin sides above the protective deck should be perforated in action, 
and the sj)acos completely thrown open to the sea, there would 
follow only a very small change of draught or trim, and the ships 
should remain perfectly manageable. 

At the bow the under-water deck is so constructed as to give 
strength to the stem for ramming. The stem itself will be formed 
of a strong and heavy steel casting suitably supported by internal 
girders or breast-hooks. 

The rudder-head and steering-gear will be placed several feet 
under water, and under the protection of the thick steel deck at 
the after end, as is customary in all battle-ships and protected 
cruisers. 
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Above the thick-armour belt amidships there will be constructed 
a lightly-armonred citadel rising to a height of about 9^ feet 
above water. This citadel will be protected by 5-inch steel 
armour extending over 145 feet of the length of the side. Oblique 
armoured bulkheads or screens will be built, extending from the 
ends of this side plating to the armour on the redoubts containing 
the heavy guns, so that the extreme length of the citadel enclosed 
will be about 170 feet, or nearly one-half the length of the ship. 

This defence is reinforced by means of coal-bunkers having an 
athwartship thickness of 10^ feet, and extending throughout the 
length of the citadel. The minimum defence, therefore, from the 
top of the belt to the height of the main deck (9]^ feet above 
water) consists of 5 inches of steel, which is proof against all the 
smaller natures of quick-firing guns, and against many of the 
most destructive forms of attack from much larger guns. When 
coal is present in the bunkers this defence will be greatly 
increased, coal having been proved by numerous experiments to be 
a most valuable protection against shell fire, including shells 
charged with high explosives. About 500 tons of coal, equivalent 
to 10 inches of draught, will fill these bunkers, and, as explained 
below, this weight is less than the “ Board margin ” of unappro- 
priated weight provided in the design. 

The maximum power to be developed under measured-mile con- 
ditions, with everything at its best — good coal, skilled stokers, 
clean bottom, and smooth water — with forced draught, is 13,000 
HP. It is contemplated that this performance should only be 
continued for about four or five hours, and the corresponding speed 
is estimated at 17J knots. With natural draught, and under 
measured-mile conditions, the HP. to be developed is 9,000 and 
the corresponding speed 16 knots per hour. 

These speeds are higher than those of any first-class battle-ships 
previously built for the Koyal Navy, and are also higher than 
those of nearly all foreign battle-ships built or building. 

In estimating the speeds regard has been had, as is usual in 
Admiralty practice, not merely to the recorded performances of 
other steam-ships, but to model experiments, which are conducted 
in the Admiralty Experimental Works at Haslar by Mr. K. 
Froude. There is nothing novel or experimental in the propelling- 
apparatus, and, with such excellent means of estimating the speeds 
as exist, there is no doubt but that anticipations will be realized. 
The propelling-machinery will consist of two sets of triple-expan- 
sion engines of the inverted vertical-cylinder type, driving twin- 
sorews. 
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The arrangements of engines and boilers will be practically 
identical with those which have given such great satisfaction in 
the latest armour-clads which have been tried, viz., the “ Victoria ** 
and “ Sans Pareil.’* There will be two separate engine-rooms and 
four distinct stoke-holds. 

A large number of auxiliary engines will be fitted in these ships 
for working the cables, steering, ventilation, pumping, lifting 
boats and heavy weights, supplying electric search-lights and 
internal lights, working the hydraulic apparatus for the heavy 
guns, compressing air for torpedoes, and other services. In these 
respects what has now become the established practice of the 
Royal Navy will be followed, the tendency in recent years 
having been to multiply mechanical appliances and reduce manual 
labour. 

The weight of coal intended to be carried ordinarily and at the 
load-draught is 900 tons. Bunker-space will be provided, how- 
ever, for a larger quantity. It is estimated that at a speed of 
10 knots the 900 tons ordinarily carried will, with the triple- 
expansion engines, and everything at its best, give a coal-endiir- 
ance of 5,000 knots, which is in excess of the endurance of nearly 
all foreign armour-clads and most of the earlier battle-ships of the 
Royal Navy, which depend upon steam alone for propulsion. 

Actual service with these earlier ships during the last fifteen 
years has shown that the coal-supply of 900 tons in the new ships 
will be ample for all ordinary requirements; and it can bo 
increased when required by filling up bunkers and immersing the 
ships a few extra inches when leaving port. 

As the matter has been mentioned specifically in the discussion 
on Sir Nathaniel Barnaby’s Paper, it may be well to add that, in the 
design of all the ships included in tlie new programme, provision 
has been made for an unappropriated weight of about 4 ])or cent, 
of the displacement to be carried on the designed load-draught 
and at the full speed. This is known as the “ Board margin,’* the 
present Board of Admiralty having laid down the condition that 
such provision should be made in order that, if thought desirable 
during construction, additions might be made to hull, equipment or 
armament, without involving an excess of draught. 

In the first-class battle-shii>s this Board margin exceeds 500 
tons ; and if the vessels are built as designed, and no demand is 
made upon the Board margin, the unappropriated weight could of 
course be devoted to an enlargement of the coal-supply, in which 
case it would be made 1,400 tons and would give a coal-endurance 
at 10 knots of about 8,000 knots. Or should it be preferred not to 
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inorease the coal-supply, then the ships would float at a lighter 
draught of about 9 inches and gain a little in speed from the 
decrease in load. 

In all the published statements respecting the ships, however, 
d,000 knots at 10 knots an hour is taken as the estimated coal- 
endurance, and is regarded as sufficient by the Board of Admi- 
ralty. 

In structure and subdivision of the hold, the vessels will re- 
semble in all important features the battle-ships which have 
preceded them. 

Mild steel will be the material used for the hull proper and 
for the protective deck plating. The thick armour on the belts, 
redoubts, and turrets will probably bo steel-faced iron. The total 
load of armour and backing, including protective decks carried 
by each ship, will be about 4,550 tons. The total weight of 
armament will exceed 1,400 tons. Provisions, stores, and general 
equipment, })ropolling and auxiliary machinery, coals, &c., and 
Board margin make up an aggregate of about 3,400 tons. The 
total load to be carried by the hull proper is therefore about 
9,400 tons, and the weight of structure and fittings will be about 
4,750 tons, or as nearly as jiossible one third of the total disjda ce- 
ment of the ships. 

On the basis of past exi)erience it may be confidently anticipated 
that, with the structural arrangements contemplated, ample strength 
will be secured for carrying these enormous loads on the relatively 
light hulls at the high speeds intended and under all conditions of 
service at sea, as well as the necessary local strengtli required to 
meet the great forces of recoil and concussion when the heavy guns 
are fired. 

These facts can hardly fail to be of interest to the members of 
this Institution, by whom they can be duly appreciated as evidences 
of the present condition of ship-construction. 

In conclusion, attention may be drawn to the principal difier- 
ences between the turret and barbette designs for the battle-ships. 

They are as follow : — 

In tlie barbette ships the free-board at the ends is about 18 feet, 
and the heavy guns are carried 23 feet above water. 

Each pair of guns is contained in an armoured redoubt or bar- 
bette tower, extending from the protective deck at the top of the 
belt to a few feet above the upper deck. 

A revolving turn-table, placed within the armoured tower, 
C5arries the guns and gives them their horizontal movement or 
braining. The upper surface of this turn-table is covered by 
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strong steel plating, and the guns, in elevation and depression, 
move through openings cut in this protective plating. 

Each gun is carried on a pair of front-pivoted slides, and the 
whole of the operations of training, elevating, and loading are to 
be performed by hydraulic power on the system devised by Sir 
W. G. Armstrong, Mitchell & Co., and adopted on board all the 
most recent British battle-ships. 

Wlien the gun is to be loaded the breech is lowered into the 
well or opening cut into the turn-table for the purpose, and all 
the operations proceed under cover of the thick armour. After 
the gun has been loaded and the breech closed, the gun muzzle 
is depressed, and the gun brought above the armoured wall into 
the position shown on the diagrams, Plate 9, Figs. 4. 

In this fighting position the whole length of the gun is exposed 
above the barbette armour. All the apparatus for working the 
guns, and the stations at which the captains of the guns stand 
are, however, j)lacod under cover of armour, and are as well pro- 
tected as they could be in a turret. 

Plate 9, Figs. 5, show the corresponding features for the turret- 
ship, where the pairs of heavy guns are carried in two armoured 
turrets — carried by and revolving with turn-tables (or turret bases) 
situated within fixed armoured redoubts. It will be seen that 
each gun has about one-half its length (towards the breech) pro- 
tected by the thick armour of the revolving turret ; but the othei 
half (towards the chase) is constantly exposed. 

After tlie most careful comparison and consideration of tlie two 
systems, the Board of Admiralty decided tliat, as the lioyal Navy 
already contained a large number of powerful turret-ships of 
moderate free-board, with their guns 2 )laced at a moderate height 
above water, it was desirable that seven of the now first-class 
battle-ships should be built on the barbette system. By dis- 
pensing with the protection of the breecli end of the gun it is 
made possible to place the guns themselves G feet higher above 
water than in the turret-ship, and to have a high free-board at 
the extremities. 

A greater power of maintaining high speed at sea, and fighting 
the guns in bad weather, is thus secured for the barbette ships 
than is possible with the moderate free-board at the ends and less 
height of guns above water in the turret-ship. 

The following comparison between the first sea-going ironclad 
of the Royal Navy (the “Warrior”), laid down in 1859, and the 
new battle-ships about to be constructed, can hardly fail to be of 
interest : — 

[the INST. C.E. VOL. xcvm.] 2 c 
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Papers. 


Lengtli between j^crpendiculars . . . 

Breadth, extreme 

Mean load-draught 

Displacement 

Measured-mile speed, maximum . 
Maximum HP. on measured mile 

Coal carried 

Coal endurance at 10 knots .... 
Maximum thickness of armour . 

Total weiglit of armour and backing on 

sides, d( ek, &c 

Total weight of armament . . . . 

„ „ equipment . . . . 

„ „ proi)elling-apparatuBand 

nuxiliiiry machinery 

Total weight of hull and fittings 


** Warrior.” 

New Battle-ships. 

380 feet. 

m 

26 feet 9 inches. 
9,210 tons. 
14*1 knots. 

5,500 

700 tons, 
about 1 , 800 knots. 
4} inches. 

380 feet. 

75 „ 

27 feet 6 inches. 
14,150 tons. 
17*5 knots. 
13,000 

900 tons. 
5,000 knots. 

18 inches. 

1,370 tons. 

4,550 tons. 

570 „ 

820 „ 

1,420 „ 
1,430 „ 

980 „ 

1,100 „ 

4,760 „ 

4,750 „ 


Tlio draper is accompanied by several diagrams, from which 
Plate 0 has been engraved. 
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OBITUARY. 


OEORGE nENRY BAYLY, the youngest son of John William 
Bayly, of Tolka Lodge, Finglas, (Joiinty of Dublin, was born on tliQ. 
7th of June, 1834. He was educated at Nutgrove School, Dublin, 
^ind went to America in 1849 to join his brother, Mr. William 
-Cole Bayly, on the York and Harrisburg and Manasses Gap Rail- 
roads, for two years, and then entered the locomotive works of 
Messrs. Smith and Perkins, Alexandria, Virginia, whore he remained 
three years, and when Mr. Perkins took charge of the Central Ohio 
Railroad Mr. Bayly went with him to Ohio until 1859. In the 
latter year he returned to England, and was appointed Assistant 
Engineer on the Bombay and Baroda Railway, whore his 2 )revious 
experience in the erection of timber and iron bridges made him a 
valuable assistant in connection with the large structures over the 
INerbudda, Mindola, and Veturnee rivers, also the l^assein Creek. 
He was then appointed to take charge of the erection of the loco- 
motive and machine shops at Parell, Bombay, which he designed 
and finished under the late Chief Engineer, Mr. Francis Mathew. 
During this time he erected also the railway stations and other 
works at Bombay, and was sent on special duty to the Demaun- 
^nga and Parna rivers, when the bridges over those rivers were 
washed away. He restored the line for trafiic in a short time by 
•erecting piers made of sleepers and filled in with stone. He 
resigned his position as Resident Engineer in 1877 to take the 
eon tract for the erection of the now Nerbudda Bridge in con- 
nection with the late Mr. Thomas White. This bridge, designed 
by Sir John Hawkshaw, Past President Inst. C.E., consisted of 
twenty-five spans, of 187 feet G inches each, with depth of founda- 
tions 55 to 104 feet, and 75 to 105 feet below low- water, believed 
to be the deepest foundations up to that time of any known 
bridge, a weight of 320 tons having been put on one column to 
get it to the required depth. This bridge was completed in 1881, 
within three and a half years of its commencement, and for 
ii40,000 less than the previously contemidated English contract. 
After a short sojourn in England Mr. Bayly was connected with 
the railway from Goa to Dharwa for a short time with Sir Thomas 
Thompson, Bart., and Mr. T. A. Bulkley. 
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In 188C, as contractor, he commenced the erection of the fluper- 
stnicture of the Kalpi J umna Bridge, Indian Midland Railway, ten 
spans of 250 feet each, which he executed in eight months. In 1887 
he took the erection of the superstructures of the two Betwa Bridges, 
thirteen spans of 150 feet each, and 80 feet above low- water, and 
nine spans of 150 feet each, 50 to 80 feet above low- water. These 
he finished before the monsoon of 1888, when his health obliged 
him to return to England. Fearing the winter in this country, he 
loft Ireland for America in October, proceeding thence, via San 
Francisco, to New Zealand. When he arrived in January 1889, 
after several excursions round the island, he was taken suddenly 
ill, and died at Christchurcli of congestion of the lungs, on the 
2nd of April, 1889, after engaging his passage for England. By 
his death the j^rofession has lost an eminent though silent member, 
who possessed great talent for the construction with native labour 
of largo bridge works. 

He was elected a Member of the Institution on the 14th of May, 
1872. 


WILLIAM BROWN CLEGRAM, whose death occurred on the 3rd 
of Juno, 1889, was born on the 1st of October, 1809, at Shoreham, 
Sussex, where his father, who began life as a sailor, had settled in 
order to take charge of improvement works designed by him for the 
harbour at that place. The elder Clegram had frequently visited 
that i)ort as shipmaster, and was the successful candidate for the 
premium offered by the authorities for a design that would fix the 
harbour mouth, which up to that period was constantly sliifting, 
owing to the movement of the shingle. Ilis methodical and practical 
observation of the local conditions led him to compete, and was the 
cause of his succeeding, in a race for which he had not been specially 
trained. From this time ho adopted the profession of engineering, 
and took charge of the works which he had designed. The subject 
of this notice was brought up by his father to the profession, and 
before he quitted Shoreham in 1827 had assisted him in liis drawings 
and surveys. At this time Mr. Clegram, senior, was selected to 
take charge, under Mr, Telford, Past President Inst. C.E., of the 
Gloucester and Berkeley ship-canal, then not yet completed. His 
son almost at once took service in the same concern, being appointed 
Clerk in 1829. Whilst holding this office he had leisure for assist- 
ing his father in designing new basins, quays, graving-docks, and 
other works at Gloucester; and in 1861 he succeeded to the post of 
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Engineer and Superintendent. At this time the important and 
practically untried system of towing by means of screw steam -tugs 
was introduced on this canal, and formed the subject of a Paper, 
Results of the Employment of Steam-Power in Towing Vessels 
on the Gloucester and Berkeley Canal.” ^ 

Mr. Clegram was always an ardent advocate for the retention 
and improvement of the water-ways of the country, and had more 
than once to sink personal feelings as well as capital in their 
defence and advancement. 

In conjunction with the late Mr. T. E. Harrison, Past President 
Inst. C.E., he carried out important improvements at the sea 
entrance to the canal at Sharpness, the j^osition of which was the 
subject of long and mature deliberation, rendered none the easier 
by the consideration that it was necessary to provide access for 
vessels of some 3,000 tons displacement in a tide-way where the tide 
frequently set at the rate of 7 knots an hour. That those works 
proved equal to the requirements of the trade of the district, for 
fifteen years, is evidence of his sound judgment and power of acquir- 
ing technical knowledge from others ; and tliat they can scarcely bo 
said now to be on this footing is due to tlie fact that Mr. Clegram 
had to make the most of the funds, provided in a great measure by 
liis untiring activity, in a district not s 2 )ocially favoured with a 
redundant or too vigorous population. The works consisted of 
open wooden piers on either side of tlie entrance into a tidal-basin 
with lock, floating-basin, graving-dock, and connocting-cut to the 
old works. Ho was also one of the ])rimo movers in the founding 
of the Severn Bridge. Perhaps tlie chief noticeable features of his 
character were the wide range of his attainments, and the thorough- 
ness with which he was wont to grasp every detail of the work 
that he set liimself to carry through. Ho was a good artist, a 
keen observer of nature, at homo with both microscojie and tele- 
scope, a great reader, and an accomplished musician. To all about 
him he was ever considerate and courteous, with a kind word for 
every one with whom he came in contact. His advice was at all 
times eagerly sought by his more intimate friends, and his judg- 
ment relied upon as sound and trustworthy. Ho was, like his 
father, a systematic recorder of daily events, small and great, 
which included meteorological observations. 

He was associated in early life with the Brunels, father and son, 
and with Admiral (then Captain) Beechey, during his important 
work of surveying the Estuary of the River Severn, and officially 


* Minutes of Proceedings lust. C E., vol. xx\i. p. 1. 
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with the late Mr. Telford, Mr. James Walker, and Sir Willian:^ 
Cubitt, the latter having been his proposer at the Institution. 

He was elected a Member of the Institution on the 3rd of April,. 
1849. 


JAMES FARRAR was born at Walmersley, near Bury, on the- 
20th of November, 1825. He was for some time, at the commence- 
ment of his career, in the office of Mr. Whitehead, a local solicitor 
of repute, and afterwards with Mr. Harper, solicitor, also of Bury. 
He ultimately determined to follow the profession of a surveyor 
and civil engineer, and was for some time engaged upon local 
works of minor importance. Later he became an assistant to* 
Mr. (now Sir Robert) Rawlinson, K.C.B., Yice President Inst. C.E. 
In 1803 he was appointed Borough Surveyor of Bury, which 
post he retained until the incorporation of the borough in 1876. 
During his tenure of office, he carried out many important sanitary 
works, including, a system of main drainage, the purchase of land 
and the construction of a town’s yard where the whole municipal 
work was centralized. In the period of depression following the 
cotton famine, he designed and carried out as a relief work the 
l)resent Bury Cemetery, which, laid out in a most tasteful manner,, 
forms one of the most conspicuous works in the district. Quickly 
ac<iniringa reputation for skill, ho was soon engaged ujiou most of 
the Parliamentary tights for Water and Railway Bills in Lancasliire- 
and Yorkshire, chief amongst these being the Sheffield, Bury, 
Wakefield, Southport, and Haslingden Water Schemes. 

Meanwhile he was consulted by most of the newly-formed local 
autlioritios in the neiglihourhood of Ihiry as to the sanitary 
requirements of their districts, and was ultimately appointed 
Engineering Adviser to the Radcliffe, Whitefield, Ileywood, Little 
Lover, and Dwygyfylchi Ijocal Boards, and to the Rural Sanitary 
Authorities of Conway and Bury, and many other towns, pre^mring 
and carrying out drainage and other schemes. He was scarcely 
loss sought after for advice on water-supply, and was actively 
engaged upon the construction of some portions of the Bury and 
Radcliffe Water Company’s Works, the Haslingden and Rawtenstall 
Water- works Company’s Reservoir, two companies which ultimately 
united. He also enlarged and remodelled the water-supply to the- 
town of Conway and other places on the Welsh coast. He acquired 
a high reputation as a valuer of land and property, and was. 
engaged upon most of the large transfers of property which took 
place in the district, especially in the determination by arbitration. 
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of the amount of compensation to be paid by antboritios com- 
pulsorily acquiring land under Act of Parliament. He held the 
appointment of Valuer to the Bury Union Assessment-Committee, 
and was frequently called upon to give evidence in cases of rail- 
way, water-works, and other assessments, not only for the authority 
by whom he was retained, but for other authorities in the county. 
The last work upon which he was engaged was the construction of 
the Todmorden Water-works, which consisted of a storage-reservoir 
with a capacity of 100,000,000 gallons, and the conveyance and 
distribution of the water in the town and district, the latter ])art of 
the scheme being a most tedious and difficult work, owing to the 
intersections of the roads by culverts, bridges, pipes, and old works 
of all descriptions. The cost of the undertaking will be ii50,000. 

Mr. Farrar had for some time been in failing health, the 
exposure and work of his early career having told upon him. 
After being confined to his bed for a period of nine weeks, he died 
of Bright’s disease and dropsy on the 18th of Aj^ril, 1889. 

lie was elected an Associate of the Institution on the 11th of 
May, 1860, and transferred Member on the 7tli of January, 1879. 
He was a Fellow of the Surveyors’ Institution, a Justice of the 
Peace for the Borough of Bury, and a Director of tlie So\ithport 
Water-works Company, and of the Manchester and Liverpool Dis- 
trict Banking Company. 


Sir CHAllLES LAN YON, who, after a protracted illness, passed 
away at his residence. The Abbey, Whiteabbey, on the Jlst of May, 
1889, was a prominent figure not only in Belfast and tlie County 
of Antrim, but throughout tlie whole of Ireland, having been 
professionally employed in every county with the excci>tion of 
one. He was the son of Mr. John Jenkinson Lanyon, of Eastbourne, 
Sussex, and was born on the Gth of January, 181J. 

He was articled to the late Mr. Jacob Owen of the Board of 
Works, Ireland, one of whose daughters he afterwards married. 
In the year 1835, at the first examination for County Surveyors, 
he took the second place on the list and was appointed to the 
County of Kildare ; but the following year ho was transferred at 
his own request to the County of Antrim where a vacancy had 
occurred. Mr. Lanyon discharged the arduous duties of his office 
with extraordinary zeal, energy and tact, and was the moans of 
getting many of the most important county works, such as the 
Antrim coast road from Larne to Portrush, carried into execution. 
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The general management of the repairs and maintenance of the 
roads and bridges was carefully attended to, and after some years 
it was generally admitted that in these respects Antrim was the 
premier county in Ireland. 

When County Surveyor he designed and carried out the Queen’s 
and Ormean Bridges over the River Lagan at Belfast, and the 
Agivy Bridge over the Lower Bann. Besides his strictly county 
work, he was the Chief Engineer for the group of railways once 
known as the Belfast and Ballymena, and the extensions thereof to 
Portrush and Cookstown, now amalgamated with the line from 
Coleraine to Derry, under the title of the Northern Counties 
Railway. lie was also Engineer to the Belfast, Holywood and 
Bangor, and the Carrickfergus and Larne Itailways. In conjunc- 
tion with Mr. Bateman, Past President Inst. C.E., he carried out 
that part of the Belfast Water-works known as the Woodburn 
scheme, a considerable work in its day. 

Whilst far from neglecting his engineering and official duties, 
Mr. Lanyon was so fortunate as to acquire a very extensive 
architectural practice. Many of the residences of the county 
families, not only in Antrim but throughout Ireland, were either 
built or remodelled under his directions. In Belfast his most 
notable edifices, for local purposes, are the County Gaol, and 
County Courthouse, which are connected with one another by an 
arched passage under tlie Crumlin Road. There are many other 
proofs of his skill, but the Custom House, the Queen’s College, the 
Presbyterian College, and the Deaf and Dumb Institution, are the 
best known and most likely to be associated with his niemory. As 
Honorary Architect to the Church Extension Society some fourteen 
churches were erected in the Diocese of Down, and Connor, and 
Dromore, from his designs. 

In October, 18GG, JVlr. Lanyon was returned in the conservative 
interest as one of the members for Belfast. In 18G8 lie i-eceived 
the honour of knighthood in recognition of his high iirofessional 
position. 

Sir Charles Lanyon was for a lengthened period an energetic 
and very useful member of the County Antrim Grand Jury, and in 
1878 held the office of High Sheriff of the County. For a great 
many years ho was a Justice of the Peace for both the County of 
Antrim and the City of Belfast, he was also a doputy-lioutcnant of 
the County Antrim. He was an enthusiastic member of the 
Masonic fraternity, and for a long time occupied the position of 
Grand Master of the Province of Antrim. He was elected a 
Member of the Institution on the 24tli of March 1840. 
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He was for some time a Vice President of the Boyal Institute 
of British Architects, and President of the Institution of Civil 
Engineers of Ireland. He also filled for several years the office of 
President of the Eoyal Institute of Architects in Ireland, was a 
Eoyal Hibernian Academician, a member of the Belfast Corpora- 
tion, and in the year 1862 served the office of Mayor. 

Sir Charles Lanyon was a general favourite and a most excellent 
man of business ; he was perfectly courteous and gentle, but at the 
same time firm and determined, and his aim was to have his works 
properly carried out. This characteristic was very marked during 
his occupancy of the office of County Surveyor. 

Sir Charles was for a lengthened period Vice Chairman of the 
Belfast and Korthern Counties liailway, and Cliairinan of the 
Belfast, Holy wood, and Bangor Railway, and also occuj^ied a seat 
on most of the County and City Boards, such as the Prisons Board, 
the Lunatic Asylum Board, the Local Marino, tlie Government 
School of Art, of wliich he was President, the Belfast Harbour 
Board, the Deaf and Dumb Institution, Poor Law Board, the 
Sailors Home, and the Nurses Homo. 


HENRY PEVERIL LE MESURIER, eldest son of Mr. Benjamin 
Le Mesurier, of Wallington, Berks, and St. Martin’s, Guernsey, 
was born at Alderney on the 4th of November, 1828. Ho was 
educated at the j^rivate school of tlio l^ev. Pliilip Hayes, and 
subsequently at tlie well-known Elizabeth College. In 1846 lie 
was articled for five years to Mr. 11. B. Grantham, and on the 
expiration of his pupilage went to Alderney as engineering assis- 
tant to Messrs. Jackson and Bean, the contractors for the break- 
water and forts then under construction by the British Govern- 
ment. Here ho came into intimate contact with the officers of 
the Royal Engineers in charge of the works of defence, and gained 
much varied experience which stood him in good stead during the 
rough experience of after-life. 

In 1853 Mr. Le Mesurier was appointed an Assistant Engineer 
on the East Indian Railway, and left for Calcutta in December of 
that year, with a large party of engineers, under Mr. Edward 
Purser, and from February 1854 to November 1856 worked on the 
surveys and construction between Benares and Cawni)ore. In 
September 1854 he was promoted to the position of Resident 
Engineer. He ran the traverse of the original line between 
Futtehpore and Cawnpore, and set out the centre line from Mogul 
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Serai to Allahabad station, including the site of the present bridge 
over the Jumna at Allahabad. In November 1856, the work of 
construction being in a forward state on the length between Mogul 
Serai and the River Tonse, Mr. Le Mesurier was sent to the Punjab 
to examine the River Sutlej, with a view to selecting a site for a 
railway-bridge. A few months later the Mutiny broke out, and 
he had the opportunity, which is said to come to most men once in 
their lives, of showing the stuff he was made of. The way in 
which he met the call is best recorded in the words of Sir Donald 
Macleod, Lieutenant-Governor of the Punjab, who was at the 
time Financial Commissioner at Lahore, and who subsequently, in 
1870, made strong representations to Lord Lawrence’s Government 
for some recognition of Mr. Le Mcsurier’s services. Sir Donald 
says : — 

“After the news of the outT)rc‘ak at Meerut harl reached us by hdegram, 
Ferozeporo was the first station in the Punjab in which excitement made itsedf 
ap])arent amonff our native soldiery, ami a report was then circulated that the 
native troops at Lahore and Mean Mir liad brokem out, and had rc^uehed the 
Hutlej, in ord(‘r to co-oj)eratc with their brcdhnm at Ferozepore. 

“ The precaution of disarmiiif^ those troo}>s ha<l most fortunatedy been adopted 
with the utmost promptitude at Mean Mir, so that the intention which tiny 
wore thus shown to have entertained was frustrated. But, nov(‘i'thele8s, things 
speedily bc'gau to assuini' an alarming aspect, and the (‘xistence of a large 
magazine, w<dl stored with powdc'r, rendered the position a most critical one. 
The Brigadic'r commanding was quite new to the charge, having arrived only 
two days before, and th(‘r(‘ was no Executive Engineer of Government on the spot. 

“ Under these circumstances, Mr. Jjo Mesurier, who was at the time in tho 
interior, hurried in proprio irtotu to Forozc*j)orc‘, and placed his servii’C's at tho 
disposal of the Brigadier commanding, who most gladly acc('pt(‘d them, and 
obtained sanction to his being nominated Executive Enginet‘r, which was duly 
gazettoil. Mr. Le Mesurier at once set vigorously about completing tlu' defence 
of tho magazine, which in a short time he etfected in n satisfactory manner. But 
as the arsenal contained upwards of 700,000 lbs. of gunpowder, packed away 
in store-rooms, whore an ingenious incendiary might at any time sueeeed in 
destroying the whole, it became a iiiattcr of th<5 v(‘ry first importaneo to have 
this piaei'd out of immediate danger, and accordingly to this mattc‘r he at once 
direet(‘d his special attention. 

“Thowh(de of the native establishment attached to the magazine speedily 
bccaim* more* or less snsiK'cled, and several of them wen* not long atterwards 
hanged for treason and mutiny. But, nevertheless, Mr. Le Mesuni*!* made use 
of tin* principal of these men as his instruments for getting tin* work earned out, 
European guards being at hand to act against them if any mutinous disposition 
should he exhibited. A lueif<*r match or a burning-glass w’ould havt* diBi) 08 ed 
of the whole of the powder and of tho European guard. 

“ Tlic whole of the gunpowder was in a short time taken out of the store- 
rooms, and buried dce))ly and securely in the earth, tho operation being carried 
out with so much judgment and skill that when, not hiug afterwards (two 
months), tho guni>ow’der w’as dug up to be served out to the siege-train pro- 
ceeding to Delhi, not a single barrel w’os found damaged.” 
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General Peter Innes, the Brigadier commanding at Ferozepore, 
under whom this service was performed, in supporting Sir Donald 
Macleod’s memorandum, says : — ' 

“ On coming in I at onco employed him (as Brigadier Commanding) io put 
under ground (7,500) seven thousand fivo hundred barrels of gunpowder, the 
only powder between Calcutta and Kurrachee. The powder was in condemned 
mud buildings, and a shot fired in would have blown all up. 

“ The Punjab Government wrote to me to say that if this powder was lost 
India was lost. . . . On the 19tli August, when a portion of the 10th Cavalry 
broke and bolted, ho was the only Euroj)can gentleman present, and assisted a 
l)ai*t of the 61st Foot in driving the rebels from the guns they had posbi‘SSod 
themselves of. 

“ I have no hesitation in saying Mr. Lio Mesurit‘r is deserving of every reward 
the Government are pleased to bestow for his very valuable services during 
the year 1857.” 

But the mills of Government grind slowly, and it was not till 
nearly twenty years later that his services wore recognized by his 
being made a Commander of the Star of India. 

Mr. Jjo Mesurier could at this time (September and October 
1857) got no orders from the Chief Engineer of the railway at 
Allahabad, and it would have boon unsafe to return to field -work 
on the Sutlej lUver in the plains. lie tlierefore left Forozepore, 
and proceeded to Simla, via Loodiana and Kalka, to obtain informa- 
tion connected with the sup 2 )ly of timber and building-materials 
for railway purposes. During this part of his career tliere occurred 
an incident that illustrates the rosourcofulnoss oi' Anglo-Indians 
during that period of mortal j)cril. In com 2 )any with Dioutenant 
William Wells Leo, of tlie Bengal Army, and Lieutenant Crane, 
of II.M. 32nd Ilegimont, Mr. Le Mesurier was visiting the 
IJajah of Busaliir, at his capital, Itampore, on tlie Sutlej. There 
were some men of doubtful loyalty at Busaliir, and it was ascer- 
tained that there was also a store of gunjiowder in the magazine. 
Under these circumstances, Mr. Ijo Mesurier and his associates 
obtained jiermissioii from the I^ajah to lire from his one field-piece 
a royal salute in his honour. Having thus obtained access to his 
store, they fired away until all his jiowder was burnt ! 

Mr. Le Mesurier returned to Ferozoj»ore at the end of 1 857, and 
then marched to Delhi, where he remained until he could get a 
safe run through to Cawnjiore, and so down to Allahabad. Here 
he found the railway offices established inside an intrenched camp, 
and Mr. Edward Purser, the Chief Engineer, and numerous members 
of the staff living at an old house, formerly Berrill’s hotel, on the 
Jumna bank. Mr. Le Mesurier remained with Mr. Purser until 
September 1858, when he jiroceeded to organize a staff for the 
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survey of the proposed line from Allahabad to Jubbulpore. In 
the beginning of the cold season of 1859, being then only thirty 
years of age, he was confirmed in the appointment of Chief 
Engineer of the Jubbulpore line. East Indian Railway. Soon 
after this, being in ill health, Mr. Le Mesurier came to England. 
He soon recovered, and, it being found that he could work 
advantageously at home on the plans of the Jubbulpore line, he 
took a temporary ofiice in Manchester Buildings, Westminster, 
which he retained till late in 1862. In July 1863 he returned to 
India and continued to act as Chief Engineer of the Jubbulpore 
line until five years later. He then passed to the service of the 
Government of India, for whom he took charge, as Chief Engineer, 
of the surveys of the railway from Lahore to Rawal Pindee ; but a 
few months later he resigned his appointment, having been invited, 
in September 1868, to join the staff of the Great Indian Peninsula 
Railway, as Chief Engineer of the Presidency Division. In the 
following May, Mr. Le Mesurier was ai)pointod Acting Agent of 
the Great Indian Peninsula line, and in October of the same 
year he was confirmed as Agent, and continued to hold that 
position until February 1877. In January of that year Mr. Le 
Mesurier had received the offer of an ap 2 )ointmont as Member 
of the Board of Administration of Egyj^tian Railways, Telegraph, 
and I’ort of Alexandria, of which Board General Marriott, C.S.I., 
was President. This offer he accepted, and on the death of 
General Marriott, in December 1879, was ap 2 )ointed the latter’s 
successor. 

In this responsible post ho discharged his duties efficiently and 
well, though for a second time exi)osed to the dangers of rebellion 
and the horrors of massacre, from which his wife had a narrow 
escape. He received the English war medal and the Egyi)tian 
bronze star, also a letter of thanks from Lord Granville ; in addition 
to which H.II. the Khedive was ideased to confer on him the 
collar and the second class of the Osmanicli. 

That continued and excei>tional strain, 2 )hysical and mental, 
should result in a constitutional break-down is what might have 
been ex 2 )ected. Mr. Le Mesurier himself resisted many warnings, 
such was his sense of public duty and determination to accomidish 
the work he was a 2 )pointed to do. Yielding to the advice of 
friends, in 1887 he visited Guernsey, with a view of recruiting 
his health by native air and rest. Whilst there an attack of 
paralysis rendered his return to official life imj^ossible. From this 
illness he imperfectly recovered. Great constitutional debility, 
followed by a second attack on the 30th of July, 1889, closed 
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an hononred and useful life, to the intense sorrow of his family 
and friends. 

Mr. Le Mesurier was elected a Member of the Institution on the 
21st of February, 1862. 


FKEDERICK LESLIE, son of Mr. John Leslie, the inventor of 
the tubulated gas-burner, and a brother of Mr. Henry Leslie, well 
known in the musical world, was born in the year 1828. Ifo 
studied in the Applied Sciences Department of King’s College, 
London, with a view to entering the profession of gas engineering, 
and then served a pupilage to the Engineer of the Equitable Gas 
Company. He was next, for four years and a half, at the works of 
the Bristol United Gas-light Company, liaving charge of one of the 
stations as assistant to the engineer. He was also concerned in 
the reconstruction of the works, including the erection of two large 
tanks, gas-holders, gas-governors, steam-engines, &c. Ho after- 
wards accepted an engagement as gas engineer to the Corporation of 
Stockport, where he remained for four years, and for one year as 
Chief Engineer of the Crystal Palace District Gas Company. 
Early in 1860 Mr. Leslie was appointed Chief Engineer to the 
City of Moscow Gas Conijiany, and thereafter his career was 
mainly confined to Russia. The Moscow company was an English 
enteri)rise, and Mr. Leslie was appointed to superintend the 
erection of the extensive works, plant and machinery, and the 
pi])ing of the city. Mr. Leslie exhibited great skill and ability in 
coping with the difficulties which from time to time cropped up, 
especially those of manufacture and distribution, caused by the 
extreme severity of the climate during six months of winter, 
when the thermometer sometimes registers — 60"’ Fahrenheit. One 
autumn, during the period of Mr. Leslie’s management, a large 
wooden bridge over the River Msta, on the Nicholas Railway, then 
forming the only railway between Moscow and the port of St. 
Petersburg, was destroyed by fire. Only a very small portion of 
the annual coal-supply had boon trucked from St. Petersburg, and 
no more could be obtained, the coal-fields of South Russia not 
having then been opened up. The stock of coal at the gas-works 
became exhausted, whereupon Mr. Leslie, as a temporary measure, 
at once adapted the plant originally designed for distilling coal 
for the manufacture of gas, and for many months successfully 
lighted the city with gas made from wood. Silver birch was the 
principal material ; but, in fact, any other substance which could 
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be practically employed was used, petroleum and petroleum refuse 
being used as an enriching material. As an administrator Mr. Leslie 
was minutely careful and accurate, and it is solely due to his ability, 
energy, tact and judgment, that the City of Moscow Gas Company 
was able to tide over the first years of its existence, and that the 
property at Moscow was extricated from the perilous position in 
which the onerous conditions of the Company’s concession had placed 
it. In 1881 the enterprise, which had then become the Moscow 
Metropolitan Gas Company, was sold to a French Company, and 
Mr. Leslie returned to England. He embarked in a private business 
relating to heating, ventilating, and sanitary matters, hut after a 
few years relinquished it with heavy loss. He then invented a 
system of ventilation which was adopted in one or more of the 
London theatres, and also introduced some considerable improve- 
ments in the tubular gas-burner first devised by his father. Ho 
was engaged in working these patents when he died, on the 20th 
of February, 1889. 

Mr Leslie was a strict disciplinarian, but he was always kind, 
just and considerate to those about him and under his command. 
For these characteristics his name was almost proverbial in both 
the old and the now Russian capitals, and he was respected alike by 
his friends and his adversaries, including some of the most highly 
and influentially placed in the administrative circles of the Russian 
Empire. In July 1873 he was appointed British Vice Consul at 
Moscow (unpaid), and retained the appointment until he left the 
country in July 1881, acting under Her Majesty’s Consul at St. 
Petersburg. 

Mr. Leslie was elected an Associate of the Institution on the 
3rd of May, 1864, and was transferred to the class of Members on 
the 17th of December, 1866. 


THE HONOURABLE HENRY HAWORTH LESLIE, who was 
born on the 19th of April, 1845, at Kenton, Devonshire, was the 
third son of Captain Martin E. Haworth Leslie (late 60th Rifles) 
and the Countess of Rothes. He assumed the surname of Leslie in 
1886, on his mother’s succession in her own right to the Earldom of 
Rothes. Educated at Charterhouse, he was apprenticed in 1863 to 
the late Mr. Robert C. May, of Westminster. During his articles 
he studied his profession at workshops in Birmingham and 
Middlesbrough, and was placed in charge of the construction of 
the gas-works at Ashford, in Kent. In 1867 Mr. Haworth was 
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engaged by Messrs. Barklej^^ Brothers on the Bucarest and 
Guirgevo Railway, and was employed by them during the whole 
time of construction until 1869. In 1870 he went out for Messrs. 
Waring Brothers and McCandlish to the Honduras Railway. Here 
he was employed on difficult undertakings involving much 
hardship and dealings with people badly disposed to the railway. 
On the suspension of the works in 1871, he returned to England, 
suffering from intermittent fever contracted in Honduras. Mr. 
Ha wort li was appointed an Assistant Engineer on the Miidras 
Railway in 1873, was promoted after two years’ service, and in 
1881 received pay and allowances as first class Engineer. During 
the time of his work in India, he was three years in charge of the 
re-construction of the Cheyer Bridge, and two years in charge of 
the construction of the new bridge over the Pcnnair River, besides 
having had charge at one time or another of nearly every division 
of the railway during the worst time of the famine and floods. 

Mr. Haworth Leslie returned to England in March, 1888, with 
his health much impaired, and died on the 15th of March 1889, ^n 
the forty-fourth year of his age, much regretted by a very large circle 
of friends. He was elected a Member of the Institution on the 7 th 
of February, 1882. 


CHARLES REBOUL SA.CRE was born in London on the 4th 
of September, 1831. At the age of fifteen ho was articled to Mr. 
Archibald Sturrock of the Great Western Railway. After serving 
his time he was engaged in a resi)onsible position upon the Great 
Northern Railway as Manager, first of tlie Boston, and afterwards 
of the Peterborough Works of that Company. 

He next became Chief Engineer of the Manchester, Sheffield, 
and Lincolnshire Railway, and was besides connected with the 
South Yorkshire Railway, the Cheshire Lines Committee, and the 
Humber Conservancy, also the Manchester South Junction and 
Altrincliam Railway. During his many years’ service in these 
capacities, he was continually engaged as Engineer of the various 
new works in connection therewith, and took no mean part in 
giving evidence for Parliamentary Committees. His engineering 
ability, with his acknowledged common sense in all matters of 
moment, gained him a considerable reputation. 

The results in respect to the working expenses of the Locomotive, 
Carriage and Permanent Way Department under his control 
showed notable success ; this gained for him the good feeling of the 
directors and shareholders of the railway company, owing to the 
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savings effected. Mr. Sacrc retired from tlie Manchester, Sheffield 
and Lincolnshire Kail way some few years ago, hut was retained as 
the Company’s Consulting Engineer, and was engaged hy several 
other railway companies to give evidence in connection with 
parliamentary arbitration and other matters. His kind feeling, 
manner, and good judgment have been suitably acknowledged from 
time to time in his various positions by the testimonials that have 
been presented to him by his friends. He died on the 3rd of 
August, 1 889. Mr. Sacre was elected a Member of the Institution 
on the 8th of January, 18G7. 


JAMES SIMPSON, "the eldest son of the late Mr. James Simpson, 
Past President of the Institution of Civil Engineers, was born on 
the lOtli of January, 1829, at Thames Bank, Chelsea, the residence of 
his father, who was at that time Engineer to the Chelsea Water- 
works Company. He was educated at St. Peter’s Collegiate School, 
Eaton Square, and at Dr. Lord’s private school at Tooting. In 184G 
he was articled to Messrs. Burns and Bryce, Architects, Edinburgh, 
when he lived with the late Mr. John Brown, M.D. Keturning to 
London in 1851 he joined his father, who was at that time engaged 
in an extensive practice as a civil engineer, and superintended for 
him the execution of several important works, amongst others the 
construction of the water-works at Carlisle and the extension of 
the Chelsea Water- works Company to Surbiton, Surrey. In 
1857, ho joined the firm of Simpson and Company, manufacturing 
engineers, taking a leading part in the introduction of improved 
pumping-plants, especially the Woolf Compound Pumping-Engines, 
and in the construction of water-works abroad. Eor the past few 
years failing health prevented close attention to business, although 
to the last ho took a lively interest in all matters connected with 
engineering. He was much respected by those in his employ, as 
well as by others with whom he was associated, not only for his 
kindliness of disposition, but also for his readiness to impart 
knowledge. His health gradually failing, he died at Brighton on 
the 11 th of May, 1889, and was buried at Brompton Cemetery. He 
was elected a Member of the Institution on the Gth of December, 
1864. 
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FRANCIS CROUGHTON STILEMAN was born at Winclielsea 
on the 25th of May, 1824. He was the second son of Richard 
Stilenian, of the Friars, Wincholsea, and was educated at the 
Rev. Dr. Lord’s school. He then became a student at the College of 
Civil Engineers, Putney, under Lieut. -Col. ILitchinson, H.E.I.C.S., 
the Rev. Mr. Page, and the Rev. Mr. Cowie, now Dean of Exeter, 
from 1840 to 1844. On leaving Putney, lie was articled to the 
late Mr. J. R. McClean, Past President Inst. C.E., during which 
time he acted as Resident Engineer on the South Staffordshire 
Railway, Birmingham, Dudley and Wolverhampton Railway, the 
Staffordshire and Worcestershire Canal Reservoirs, and the South 
Staffordshire Water-works. In 1849 ho entered into partnership 
with Mr. McClean, and shortly after left Staffordshire for the 
Furness district, where he resided from 1850 to 1853. During this 
latter year he came to London, being associated with Mr. McClean as 
Engineer to the Furness Railway Company, Furness and Midland 
Railway, Tottenham and Hampstead Railway, Eastbourne Water- 
and Sewage-works, liydo Pier and Tramways, Bristol and Portis- 
head Railway, Portisliead Docks, and for the system of railways 
in Galicia and Moldavia known as the Lemberg and Czernovitz. 
One of the works of the Furness Railway — the enlargement of 
the Lindal tunnel, originally built for a single lino — was an 
undertaking of great interest in its day. Mr. Stileman contributed 
to the Minutes of Proceedings a Paper “ On the Construction and 
Enlargement of the Lindal Tunnel on the Furness Railway,” 
which was printed in vol. xix., j). 229. On the death of Mr. 
Walker, in 18G2, the firm of McClean and Stileman became 
Consulting Engineers for the Harbours of Dover and Alderney, 
Plymouth Breakwater Fort, the Surrey Commercial Docks, and 
other works. Mr. Frank McClean then became a member of the firm, 
but ho only continued his connection until 1809. On the retire- 
ment of Mr. McClean from active work in 1808, Mr. Stileman be- 
came Engineer-in-Chief to the Furness Railways harbour and docks, 
consisting of an entrance-basin, 8^ acres, with lOO-feot ojicnings 
and 32 feet depth of water at H.W.O.S.; a lock, with three pairs 
of gates 700 feet long by 100 feet wide; and dock and timber 
ponds of an area of some 200 acres. In addition to the Furness 
Railway he acted as Engineer for most of the largo works in the 
town, carrying out among others the existing system of the Barrow 
Corporation Waterworks. He also designed and carried out the 
Keighley Water-works, Ryde and Newport Railway, Lowestoft 
Sewerage-works, &c. lie was also engaged on many Parliamentary 
[the INST. C.E. VOL. XCVIII.] 2 D 
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deposits of great importance, and was well known in the Com- 
mittee Rooms as an excellent engineering witness. 

Mr. Stileman was elected a Member of the Institution on the 
6th of March, 1855, and in 1884 was elected to a seat on the 
Council, which he continued to hold till his death. He was also 
a Member of the Iron and Steel Institute. He occupied a position 
of eminence in the profession, in which he was appreciated for his 
uniformly upright and conscientious conduct. He died suddenly 
in his office on the 18th of May, 1889, aged sixty-four, having only 
some few hours previously given evidence in an arbitration case 
connected with the Manchester Ship Canal. 

At the Ordinary Meeting of the Institution on the 21st of May, 
the President, Sir George Bruce, specially alluded to the recent 
death of Mr. Stileman, ante^ p. 203. 


FRANK CHARLES BLACK, the eldest son of the late Charles 
Christopher Black, M.A., Trinity College, Cambridge, was born in 
1830, and educated at Bruce Castle School, Tottenham. His earliest 
employment was under Messrs. Brassey in the construction of the 
Maremma Railway in Italy, on which line he had charge of the 
Pieve Vecchia Tunnel, and of 8 miles of railway, including 
four bridges. In 1864 he proceeded to India and had charge for 
Messrs. Brassey, Wythes and Henfrey, of 20 miles of the Delili Rail- 
way on which was the crossing over the Ganges Canal. lie built this 
bridge, acting under Mr. J. C. Moulton. In the following Feb- 
ruary he was engaged on the laying of the Oudh and Eohilkhand 
Railway in the service of the Company, and a few years afterwards 
he made the necessary survey for the projected branch, 35 miles in 
length, up to the well-known hill sanitarium of Nynee Tal ; but 
the scheme was subsequently abandoned on the score of expense. 
He subsequently joined the Indian Public Works Department, in 
which he rendered continuous service until 1882. During this 
time he did particularly useful work as District Engineer, the roads 
and buildings in the Hannipur District being kept by him in such 
specially good order, as to call forth the warm written praise of the 
Judge, Magistrate, Superintending Engineer, Deputy Commissioner, 
and other officials. By constant efforts, spread over a period of six 
years, he was unusually successful in the planting of numerous 
avenues of trees throughout the district, and 13 miles of these were 
in flourishing condition in 1880. In 1882, Mr. Black was transferred 
to the Archaeological Department, a branch of work for which he 
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had special taste and fondness, and a limited grant was sanctioned to 
enable him to take steps for the conservation of the Yittala Swami 
Temple, at Bijanagur, and the Alaiva, or Shore Temple, at Maha- 
vellipore, or the Seven Pagodas, on the Coromandel coast (described 
in Fergusson and Burges, Cave Temples of India). From the first 
named he cleared away an enormous mass of jungle at a cost of 
Ks. 4,000, and at the Alaiva Temple the work consisted mainly 
in the excavation of the ornamental walls which were buried in 
sand, leading to the discovery of some interesting inscriptions pre- 
viously unknown. His last archaaological work appears to have 
been in connection with the restoration of part of the Stupa of 
Amravati in 1884, after which the funds necessary for the con- 
servation of the ancient monuments of Southern India, a matter 
strongly commended at various times to the notice of the Govern- 
ment by the highest authorities in England, were withdrawn. At 
the time of Mr. Black’s sudden death on the 29th of May, 1889, he* 
was occupying the post of Local Funds Engineer at Ellore. His 
numerous written testimonials from officials of high grade speak 
of his professional knowledge as much above the average, while his 
activity as a rider and walker is often mentioned, lie is also stated 
to have been very successful in gaining the respect and affection of 
his subordinates. 

Mr. Black was elected an Associate Member of the Institution 
on the 2nd of February, 1875. 


WILLIAM AKTIIUR FRENI) was born in County Limerick, 
Ireland, on the 22nd of April, 1858. He was educated at the 
Limerick Collegiate Academy under Mr. James Weir, and after- 
wards entered Trinity College, Dublin. Here he took the degrees 
of Bachelor of Arts and Bachelor in Engineering, and at the ex- 
amination for the latter took special certificates in engineering and 
physics. On leaving college he joined the staff of Messrs. Falkiner 
and Stanford, and was by them emj)loyed on the Rathmines Water- 
works, near Dublin. He then entered the service of the Board of 
Public Works, Ireland, and was appointed to the charge of a pier being 
built at Rosscarbery, County Cork. This work, which occupied 
three years, was brought to a successful issue early in 1888 ; and 
in the autumn of the same year Mr. Frend emigrated to Rosario de 
Santa Fe, Argentine Republic. Here he was appointed Assistant 
Engineer on the Central Argentine Railway, and for the space of 
about six months filled the position with credit to himself and to 
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the entire satisfaction of his employers. Unhappily, he was stricken 
with typhoid fever, and on the 13th of March, 1889, succumbed to 
the disease. As a son, a brother, and a friend, he had few equals. 
In his business relations he gained the respect of all those with 
whom he came in contact, and would no doubt have made his 
mark in the profession had his life been spared. 

Mr. Frend was elected an Associate Member of the Institution on 
the 24th of May, 1887. 


SAMUEL PETTY LEATHEE, son of Mr. John Leather, an 
architect and surveyor, was born at Sheffield on the 8th of April, 
1821. At the age of sixteen he was taken in hand by his grand- 
father, and was apprenticed to Messrs. Maclea and March, engineers 
and machine-makers, of Leeds, working for five years according 
to the ordinary practice of the trade. Being ambitious of raising 
himself above his condition of a workman, he studied very 
hard during his apprenticeship, rising at four o’clock in the 
morning to study mathematics, aiiplied mechanics, liydraulics, and 
general physics. In this way, by tlie time his servitude was over, 
he had qualified himself for a superior walk in life to that for 
which ho seemed destined. He obtained an ajqiointnient under 
his uncle, Mr. George Leather, as out-door sux-^erintendent to tlie 
Leeds Water-works Company, which ho occupied for some years. 
Early in 1849 ho was made foreman over a portion of tlie works 
of the Manchester Corporation Water-works, under Mr. J. F. 
Bateman, Past President Inst. C.E. For the ensuing nine years 
(1 854-03) he was Eesidont Engineer, and part of the time Manager 
of new gas-works for the supply of Hyde, in Cheshire ; and in 
July 1803 was made Engineer and Manager of the Corporation 
Gas-works, Burnley, which position ho held until his death on the 
20th of February, 1889. Here he had the designing and carrying 
out of all the extensions and improvements during twenty-six years, 
the make having increased meanwhile from 51,000,000 cubic feet 
per annum to upwards of 300,000,000. During this time he 
erected one large retort-house, two purifying-houses, four gas- 
holder tanks, river-retaining walls, and six gas-holders, three 
of which are treble lifts. 

Mr. Leather was elected an Associate Member of the Institution 
on the 5th of December, 1882. 
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STAFF-COMMAISTDEE WILLIAM WALTEE KIDDLE, E.N., 
was bom on the 30th of November, 1823. His professional career, 
having been exclusively a naval one, is best told in the ac- 
companying extract from the Navy List. 

" Served as Senior Navigating Officer seventeen years on foreign stations and 
throe and a quarter on channel service or fleet, including three sea-going flag- 
ships, Mediterranean, North America, and West Indies and Channel ; saw much 
boat and river service on the west coast of Africa in suppressing the slave trade ; 
present at the capture of seven vessels ; received the thanks of the President of 
the United States for rescuing with the boats of ‘ Firefly * and ‘ Dolphin * a brig 
from the natives of the Congo ; served in two Baltic Flying Squadrons, named 
for boat services, on one occasion with the French, and reported by letter at the 
close of the war for service before the enemy ; in ‘ Tartar * took three Venezuelan 
schooners of war from under tho guns of Puerta Cabello, and hold them till 
the English flag had been saluted ; subsequently commanded for eiglit years 
tho mail steamers of Wliito Star, West Indian and Pacific Royal Mail Companies; 
has the French Gold Medal of Honour, Baltic Medal, Royal and Idverpool 
Humane Societies Medals, and Medal for Nautical Astronomy ; also two testi- 
monials from tho Liverpool Humane Society, and one from the Prefect of the 
Rhone; publicly thanked and logged for gallantry in ‘Medusa* and ‘Royal 
Alfred,* and holds a Certificate for tho same from Commander of ‘ Firefly * ; 
received several substantial pri’scntations and letters of thanks from public 
companies. See , &c., including one from tho French Consul-Genc'ral at Now 
York. Vtde Royal Humane Society’s Medals, and Livcri)ool Shii)wreck and 
Humane Society’s Medals.” 

About the year 1877 Caj)tain Kiddle was appointed Principal 
Officer of the Board of Trade and Chief Emigration Officer, Ireland, 
with headquarters at Dublin. lie continued to hold office till his 
death, which occurred in London on tho 27th of June, 1889. 

Captain Kiddle was a Younger Brother of Trinity House, and 
was elected an Associate of tho Institution on tho 5th of February, 
1878. Besides possessing professional abilities of a high order, he 
was a most accomplished man, being an artist in water-colours of 
considerable repute, a well-known contributor to iicriodical litera- 
ture, and a good linguist, reading and speaking five languages. 


JOHN PHANUEL ROE was born in Ireland, where his father^ 
Mr. Peter Eoe, was a merchant and landowner ; but late in life, 
meeting with reverses, he came to England, when the subject of 
this notice was a lad of fifteen. Mr. J, P. Eoo was educated at 
Salisbury, his studies being directed with a view to his entering 
the medical profession, but a strong liking for mechanics led him to 
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almndon that idea. In the result, he was articled to Mr. William 
Llewellyn, public-works and mining engineer, of Pontypool. On 
the expiration of his pupilage, in 1835, he entered the Dowlais 
Ironworks as a draughtsman and assistant engineer, being 
afterwards advanced to the charge of some of the mines. He 
next engaged with the Rhymney Iron Company as assistant 
engineer, under Mr. Richards, and on the death of that gentle- 
man, shortly after the works were commenced, succeeded to him 
as Chief Engineer, completing the undertaking, and building 
five blast-furnaces, with blowing-engines; also designing and 
erecting pumping- and mining-machinery of various kinds, 
together with extensive rolling-mill machinery. He organized a 
locomotive line between Rhymney and the shipping berths at 
Newport, besides largely introducing locomotive haulage in other 
directions, notably upon the Company’s limestone road, previously 
worked by horses, where, after bettering some of the curves and 
steeper portions, suitable locomotives were successfully worked on 
grades of 1 in 28 ; shoe or skid brakes, acting on the rails, were 
used. Mr. Roe, about the year 1845, desig^ned and constructed, to 
the best of his own belief, the first eight-wheeled double-bogie 
locomotive to haul heavy traffic. The engines had an intermediate 
shaft, which was connected to the bogies, so as to allow of freedom 
of movement. 

From Rhymney Mr. Roe wont to the Nantyglo and Beaufort 
Ironworks, as Chief Engineer, under the late Mr. Crawshay 
Bailey; and from there to the late Mr. William Crawshay, as Chief 
Engineer to his works and mines at Cyfarthfa, Treforest, and 
Newbridge (South Wales). Here again he had to do with the 
designing, erection, and maintenance of blast-furnace, mill, mining, 
and pumping plant. While at Cyfarthfa he designed and applied 
a travelling steam-racking engine for discharging an extensive 
installation of coke ovens, and about the year 1855 introduced 
trip-expansion gear to one of the blast-engines. This gear was 
probably the first of a general type that has since been developed 
and largely used in various forms. During Mr. Roe’s Cyfarthfa 
engagement, he was consulted by the Llynvi Iron Company, for 
whom he afterwards became General Manager and Engineer, 
designing and erecting at the works mining, furnace, mill, and 
other machinery, and generally remodelling the plant. Here, 
also, he devised and put to work with great success probably the 
first direct-acting mill engine, driving the roll train without the 
intervention of spur-wheels. This mill, when rolling small rods, 
worked at 400 revolutions per minute, and, in spite of the 
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oomparatively limited choice of material at the designer’s command 
in those days for such speeds, the mill W8is in 1887 still working 
satisfactorily. When at Llynvi, he built also branch lines and 
several bridges to connect the works with the Llynvi Valley 
Eailway. In 1867 Mr. Eoe went into business at Cardiff as a con- 
sulting and general engineer and iron-founder, where he designed 
and built a quantity of mining, hydraulic, and mill plant. But 
his commercial instinct was not on a par with his engineering 
abilities, and he lost a large sum of money in this venture, which 
he subsequently abandoned, and went to the West Cumberland 
Works at Workington. There he put up extensive steel-making 
plant, and remodelled portions of the older parts of the iron- 
works. 

From Cumberland Mr. Eoe went to the Consett Company, County 
Durham, as Chief Engineer, where he remained for the rest of his 
life, engaged in the designing and laying out of the most modem 
and powerful iron and steel manufacturing plant of various 
kinds. He rearranged parts of the works, railways, and other 
means of communication, and designed and constructed one of the 
most powerful and, of its kind, complete steel plants, embracing 
several new departures in the direction of economy of working. 
He, at Consett, also designed and put up very extensive brick- 
making works, possessing several new features, which have 
produced very satisfactory results as to economy and quality of 
work done. Among these is the utilization of otherwise waste 
heat from batteries of coke-ovens built in conjunction with the 
brickmaking-works, whereby the use of outside fuel for drying 
and burning the bricks is reduced to a nominal quantity. 

While with the Consett firm Mr. Eoe advised the Orconera Iron 
Ore Company, of Bilbao, as to its appliances, and designed the 
large shipping-staithes at Luchana, with telescopic shoots and 
other devices for rapidly loading large craft under the special local 
conditions and requirements. He also aoted as consulting engineer 
in reference to the heavy curved gravity incline, and various 
transport, mining, and other plant, designed chiefiy in Spain, 
by his son, Mr. IPearce Eoe, who was the Company’s Eesident 
Engineer. He was still fully engaged in professional matters 
when he died, on the 8th of September, 1888, in his seventy- 
fourth year. 

From the above record it will be seen that Mr. Eoe was an 
active worker for nearly sixty years. He was a man of great 
breadth of reading and general knowledge, and an ardent lover of 
Nature, whose lessons, as applied to engineering, he was never 
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idred of learning. He was very inventive, and schemed a great 
variety of appliances of all kinds in connection with the manu- 
facture of iron and steel ; but, owing to a naturally retiring nature, 
he never published his doings. He was elected an Associate of 
the Institution on the 1st of February, 1842, and though long 
since qualified for full membership, never cared to fulfil the 
formalities necessary for his transfer to the higher grade. 


COLONEL HAMILTON TOVEY, K.E., Commanding Eoyal 
Engineer of the Home District, was born at Stoke, Devonport, 
on the 16th of July, 1841, being the youngest son of Captain 
Alexander Tovey, of II.M. 24th Regiment, and of Elmsleigh, near 
Paignton, South Devon. 

After being educated at the Ordnance School, Carshalton, and 
the Royal Military Academy, Woolwich, ho was commissioned a 
Lieutenant of Royal Engineers on the 22nd of Juno, 1858, and 
passed through the usual year’s course of instruction at the Royal 
Engineers Establishment, Chatham. 

He was then quartered at Portsmouth for more than two years, 
and had the honour, in 1860, of turning the first sod of the groat 
fortifications of Portsdown Hill, where his smart little camp of sap- 
pers was always an ol)ject of much interest to the neighbourhood. 

In December 1861, on the outbreak of the “Trent” affair. 
Lieutenant Tovey was suddenly ordered to Canada in Captain 
(now Colonel) E. O. Hewett’s 18th Com 2 )any Royal Engineers, 
who, after an effort to land with their comrades the Scots Guards, 
at Riviere du Loup — defeated on account of the rajjidly accumu- 
lating ice — had to steam away to Sydney, Ca 2 )o Breton, thence to 
Halifax, and finally to St. John, Now Brunswick, where they 
disembarked after a voyage of some thirty-five days. They crossed 
New Brunswick in sleighs to Itiviere du Loux^, the Canadian 
Railway terminus, and thence to London, Ontario, a land journey 
of over 1,100 miles; but to their chagrin tliey never saw the 
active service they had all anticipated. At London Lieutenant 
Tovey was employed chiefly in surveying for military positions 
and in providing temporary barrack-accommodation for an un- 
usually large force, numbering ten times the normal garrison. In 
June, 1863, he left with his company for Pictou, Nova Scotia, and 
thence by road-march to Halifax. At the end of his tour of 
foreign service he was quartered at Bermuda for five months. 
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On returning home in 1867 lie served five years at Plymouth 
(where he built Picklecombe Fort), Chatham, and Aldershot, 
between July, 1867, and May, 1872. During this X)eriod ho was 
employed, in 1871, upon the buildings of the Annual International 
Exhibitions at South Kensington. 

After leaving Aldershot, in May, 1872, Captain 11. Tovey, E.E., 
renewed his acquaintance with the fortress of Portsmouth for 
some four years, broken only by the episode of his being ordered 
abroad on active service in March 1874, with the result (so painful 
to a soldier) that he had merely to come home again after a two 
months’ absence, for, when ho arrived at the Gold Coast, the 
Ashantee War was over. 

Taking part in the autumn manoeuvres at Dartmoor, in 1873, 
as Commanding Eoyal Engineer in the 1st Division, he headed 
the list of officers specially thanked by Major-General Sir Charles 
Staveley, K.C.B., commanding the Army Corps, “ for the assistance 
rendered to me ... in laying out the encampment of brigades, in 
the absence of divisional and brigade staffs, when the troops were 
first assembling.” 

From Portsmouth he was moved, in October, 1876, for five years 
to the Army Manufacturing District, liis particular duty being the 
charge of the engineer works of tlie lioyal Gunpowder Factory at 
Waltham Abbey, and the Itoyal Small- Arms Factory at Enfield. 

Then, after spending more than a year at Chatham and 
Aldershot, Major Tovey was appointed, in December, 1 882, 
“ Instructor in Strategy, IMilitary History, and Law ” at the 
School of Military Engineering at Chatham. 

In that appointment, which ho held for nearly three years, ho 
wrote two valuable books, “ The Elements of Strategy,” and 
“ Martial Law and the Custom of War, 1886.” The former gained 
from the Commandor-in-Chiof the honour of an official “ expression 
of Ilis Koyal Highness’ s satisfaction with the careful and diligent 
research which he has taken in the compilation of his work ” ; and 
the latter has been stated by some cxx)erts to be the best work on 
Military Law published in this country since the passing of the 
Army Act of 1881. 

Lieutenant-Colonel Tovey served again in the Southern District 
from September, 1885, as Commanding lioyal Engineer of tlie 
Gosport Sub-District, and he was, in that capacity, reported to 
headquarters by the general of the district for his valuable 
services as Secretary to the Committee on the Defences of 
Portsmouth and Weymouth. 

On the 30th of June, 1888, he came to London as Commanding 
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Boyal Engineer of the Home District, and in that command he 
died, at his house, 39, Nevem Square, South Kensington, on the 
5th of August, 1889, after more than thirty-one years’ service in 
the Army. He was elected an Associate of the Institution on the 
6th of February, 1878. 

Colonel Tovey never had the chance to achieve any great 
distinction, nor the good luck to see a shot fired in anger, but he 
was a sterling engineer, never sparing himself in carrying out 
thoroughly any work confided to him. He had the shy, reserved 
manners so often noticeable in military men, and by some termed 
** stoicism,” but he was truly a warm-hearted benevolent, beneficent 
man and an earnest soldier. 

Perhaps the most notable part of his life was its close. He 
had been ailing for some months, and merely attributed his state 
of health to the change from his ordinary open-air life to a seden- 
tary life in London ; but he took good medical advice. At last, 
however, it was thought desirable to supplement that advice by 
the opinion of a specially-eminent physician, who diagnosed the 
subtle malady to be one of fatal character, which would terminate 
life in about a week, and he broke the news to his patient, who 
received it with characteristic coolness. 

Colonel Tovey busied himself during his few remaining days on 
earth — to the astonished admiration of his doctors (men well 
accustomed to see death) — in calmly settling details of business, 
official and private, so as to save trouble or inconvenience to 
others. He arranged, for example, as to the disposal of his 
accoutrements, the sale of his charger at Tattersall’s, and so on. 
It seemed that he had truly thought out his family motto, In 
Deo confidoJ^ 

He acted as if he were merely preparing to go on parade. 
He wrote to his major (G. R. Savage, E.E.) a letter, forwarding 
his office keys, and giving minute instructions on business 
matters, and bidding farewell to his officers and subordinates, 
saying, ‘‘ My days are numbered, and I am daily getting weaker. 
Bid good-bye to . • . ” and his pencil-written letter ended with 
an apology, in curiously punctilious courtesy : “ Excuse pencil, 
for I am in bed. Good-bye.” 

In the Army they often have to say “ Good-bye,” but it may be 
doubted if a soldier’s last “ Good-bye ” was ever more bravely 
expressed. 
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The following deaths have occurred, or been made known, 
since the 2nd of August last, in addition to some of those included 
in the foregoing notices : — 


Members. 


Fulton, Aethub Bobert William; 
horn 8 October, 1853 ; died 26 July, 
1889. 

Hall, Bichabd Thomas ; horn 31 May, 
1823; died July, 1889. 

Lbb-Smith, Hamilton; horn 25 De- 


cember, 1829 ; died 3 Roptember, 
1889. 

Yawser, Robert; horn 13 September, 
1841 ; died 15 September, 1889. 
WiLLCOX, William ; horn 18 January, 
1830; died 14 August, 1889. 


Associate Members. 


George, John Bees; died 26 Juno, 
1889, aged 49. 

Rhind, James; horn 31 May, 1848; 
died 11 September, 1888. 


Wood, Alfred Hope ; horn 29 March, 
1826 ; died 15 September, 1889. 
Wood, Edward Walter Nealor, horn 
11 January, 1856; died 30 August, 
1889. 


Associate, 

Hancox, Joseph ; died 24 May, 1889, aged 62. 

Information respecting the life and works, the career and 
leading characteristics, of any of the above, is solicited, to aid 
in the preparation of future Obituary Notices. — Sec. Inst. C.E., 
30 September^ 1889. 



4112 


NOTE ON TENSILE-TESTS 07 METALS. 


[Foreign 


Sect. III. 

ABSTBACTS OF PAPEES IN FOEEIGN TEANSACTIONS 
AND PEEIODICALS. 

Note on Tensile-Tests of Metals. By Pierre Arnould. 

(Le G4me Civil, 1880, p. 362.) 

The Author, after discussing the merits of tensile, compressive, 
bending, and shearing experiments, points out the great advantages 
of the first method of testing. 

He urges the importance of having the elastic as well as the 
final elongation measured, and considers that elastic stress-strain 
diagrams are highly desirable. Various instruments are described 
for automatically recording both elastic and complete diagrams. 
For merely determining the elastic limit, the Author prefers the 
simple method of marking the test-bar after each application of 
load with a pair of dividers or a trammel. 

In the second part of his communication he describes in detail, 
witli eight diagrams, a novel method of testing short lengths of 
wire rope. The total length of the specimen experimented upon 
was about 1,100 millimetres (43*3 inches), and the diameter 
23 millimetres (0*91 inch). After binding the cable in two 
places, 900 millimetres (35*43 inches) apart, with a few rounds 
of iron wire, he frayed out the ends of the rope, and turned 
each wire back to form a loop, and after cleaning the “ broom ” 
thus formed with turpentine and acid, he oast on two conical 
ends to fit the jaws of his testing-machine, the alloy being an 
equal mixture ol zinc and lead ; these ends enabled him to grip 
the cable and give it the desired tension. The elongations were 
measured with a special apparatus described and illustrated, 
the stress-strain diagram being plotted afterwards from these 
observations. 

The diagram exhibits several interesting features, which are 
discussed under four heads : — 

(1) A portion of the curve — concave to the stress-axis — corre- 
sponding to the period during which the cable straightens under 
the tension up to about a load of 1 tonne (0*98 ton = 2,195 lbs.). 

(2) Still concave to the stress-axis, while the wires are being 
drawn close together and squeezing out the tar, up to about a 
load of 10,000 kilograms (22,046 lbs.). 

(3) Straight line, corresponding to the elastic period, up to 
about 20,000 kilograms (44,092 lbs.). 

(4) Convex to stress-axis, corresponding to the permanent 
stretching and gradual destruction of the cable, continuing until 
fracture occurs at about 31,300 kilograms (69,000 lbs.). 


J. G. 
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The Influence of Temperature on the Mechanical Properties of 
Metals. By AndrIS le Chatelier. 

(Comptes rendus de TAcad^mie des Sciences, Paris, vol. cix. 1889, p. 24.) 

The prox>ertios of metals at temperatures to which they are 
exposed in industrial applications, specially in boilers, are little 
known. The Author undertook to examine them in the case of iron 
and steel, and extended the inquiry to some other metals and alloys. 

The test-specimens were annealed wires ^ inch in diameter. 
They were placed horizontally, and heated over a length of 
6 inches in a thick brass tube. The thick tube was intended to 
distribute the temperature uniformly. The tension was exerted 
by a wire passing over a pulley, and supporting a cistern into 
which water could be discharged. The wire carried an index for 
measuring the elongations. 

The tension per unit of area necessary to produce fracture in a 
short time (thirty minutes as a maximum) decreases as the tem- 
perature increases, and the elongations produced by a given load, 
short of the breaking-weight, increase with the temperature. 

The breaking- weights are given in the following Table ; in tons 
per square inch, the temperatures being Centigrade : — 



15° 

100° 

150° 

200° 

250° 

300° 

350° 

400° 

400° 

Copper . 

IC’O 

14-5 

12-0 

10*7 

8*8 

8-1 

G*0 

4*4 

2*3 

Aluminium. 

11*7 

9-5 

8*1 

G-3 

4-8 

3-G 

2*4 

1*5 

10 

Kickel . 

35*0 

35-0 

350 

34-9 

31*2 

32-3 

27*9 

23*4 

19*3 

Silver . 

10-9 

10-1 

8-G 

7*2 

5'G 

4*5 

3-8 

3*3 

30 

Aluminium 1 
l)ronzo . / 

33*8 

33-3 

32-3 

31*2 

29*8 

28*1 

23*4 

14*7 

G*3 

Coppc'r, iron,^ 
nickel . / 

2G*9 

26-8 

2G-3 

25-8 

24*9 

23*4 

17*7 

ll'G 

5*0 

Zinc . . . 1 

7*9 

1-5 

0-G 

0*4 

•• 

0*4 


: •• 

•• 


The Author distinguishes a kind of elongation which, while 
not proportional to the load, is not confined to a short length of 
the bar. He terms this elongation by annealing. This elongation 
occurs in all metals above a certain temperature; above 15*^ for 
copper and silver, above 70^^ for zinc, above 280*^ for aluminium, 
and above 350° for aluminium bronze, nickel, and its alloys. The 
minimum load necessary to produce elongation by annealing with a 
sensible velocity (rupture in thirty minutes) is very great at these 
limits of temperature. That minimum load decreases rapidly with 
increase of temperature. The temperature of complete annealing 
is attained at 150° for zinc, 500° for aluminium, and above 500° 
for other metals. The results for iron and steel will be the subject 
of another communication. 


w. c. u. 
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Permeability of Cements and Cement-Mortars under Pressure. 

By L. M. Haupt. 

(Journal of the Franklin Institute^ September 1889, p. 199.) 

The experiments here noticed were made by Messrs. G. W. Hyde 
and W. J. Smith, University of Pennsylvania, by means of four 
cylinders 3 inches in diameter, in which the specimens to be tested 
were placed, joined to a 3-inch main pipe, through which the pres- 
sure was transmitted to the specimens from a hand-pump at one end. 
The specimens were 3 inches thick. The pressure was maintained 
at three degrees — 75 lbs., 100 lbs., and 200 lbs. per square inch 
respectively — and for three hours in each experiment. Six series 
of experiments were made : with neat cements, after setting seven 
days and after setting twenty-eight days; cement-mortars, com- 
posed of equal parts of cement and sand, after seven days and after 
twenty-eight days ; and cement-mortars mixed in the proportions 
of 1 to 2, after seven days and after twenty-eight days. The 
samples were allowed to drain for one day. Each sample of 
cement was sifted through a sieve of 40 meshes to the lineal inch. 
The sand was passed through a sieve of 25 meshes to the inch. 
Eight brands of cement were tested. 

The results are given in several large tables, with diagram 
curves of discharge of water, from which the following Table has 
been abstracted : — 

Discharge of Waier through Samples under Pressure. 


Sample. 


Neat cement, 7 days 


Mortar, 7 days . 
Mixture, 1 to 1 . 
Mortar, 7 days . 
Mixture, 1 to 2 . 

Mortar, 28 days . 
Mixture, 1 to 1 . 
Mortar, 28 da> s . 
Mixture, 1 to 2 . 


Number 

of 

Samples. 


Pressure per Square Inch. 


76 lbs. 


100 lbs. 


200 lbs. 


Water passed per Square Inch m 24 Hours 




Quarts 

1 Quarts. 

1 

Quarts. 

5 

0 

■033 

to 0*091 

0*006 

to 0 

092 

0*040 

to 0*267 

1 


0 

•034 

0 

*052 


0 

•138 

^ 1 

1 

■503 

to 12*397 

2*336 

to 17 

■096 

6*323 

to 36*207 

1 

5 

2 

■107 

„ 42*546 

1 

3*310 

1 

,, 52' 

■554 

j 

10*508 

„ 101*268 

3 

0 

328 

I 

„ 1*704 0*551 

j 

,, 2 

•482 

1*413 

4*471 

5 

1 

•941 

„ 34*0063*012 

» 13 

*815 

! 6*616 

„ 31*482 


D. K. a 
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The Manufacture and Properties of the Cements of the Isere. 

By A. Gobin. 

(Annales des Fonts et Chauss<5es, vol. xvii. 1889, p, 755.) 

In the Department of the Isere in France are a number of 
deposits of argillaceous limestones, suitable for the manufacture 
of hydraulic cements. This Paper describes the most important 
deposits in detail, together with tlie processes of manufacture, and 
the resulting products in each case. One of the oldest known 
deposits is that of Porte-de-France, near Grenoble, on the right 
bank of the Isere. This was discovered in 1842, and has since 
been worked by various firms. There are three layers, belonging 
to the lower cretaceous series, their position being nearly vertical. 
One of them is 14 feet 9 inches thick, and each of the other two 
about 5 feet. The stone is extracted through underground work- 
ings, by means of a wire roj>e“Way. The cables are 600 metros 
(656 yards) long, and the dtftbrcnco in level between the two 
extremities is 310 metres (339 yards). The tension is regulated 
by means of a movable truck loaded with 2,000 kilograms (1 ton 
19 cwt.), and attached to the lower end of the cable. The si)eed 
is controlled by a Prony brake. 

The limestone is burnt in continuous kilns by pulverized 
anthracite, which is wetted previous to use. The stone is reduced 
to pieces of uniform size to ensure regularity in burning. The 
consumption of fuel is 180 kilograms (397 lbs.) per ton of stone, 
and the operation lasts ten days. On leaving the kiln, about two- 
thirds of the charge consists of yellowish fragments, retaining their 
original shape. This forms the quick-sotting cement. The re- 
maining third is comj^osod of black, heavy clinker, which is picked 
out by hand, and used for making the slow-setting cement. 

Both kinds of cement are ground in ordinary horizontal mills, 
1*70 metre (5 feet 7 inches) in diameter, and making 70 revolutions 
a minute. The quick-setting cement is sifted through a No. 60 
sieve, and passed into stores, where it is kept two or three months. 
This cement has a density, when not shaken down, of 1*15, and 
sets in from five to ten minutes, according to the prevailing 
temperature. The slow-setting cement, called natural Portland, is 
sifted through a No. 60 sieve, and then stored for three or four 
months at least before being issued. It sets in fifteen to twenty 
minutes. Although the bulk of this natural Portland is a by- 
product from the manufacture of the quick-setting cement, yet the 
greater part of the charge of the kilns can be obtained as clinker 
by augmenting the proi>ortion of fuel to 250 kilograms (551 lbs.) 
per ton. In this case the burning is intermittent, and any yellow 
fragments must be picked out by hand. The burning takes 
twenty-one days. 

This slow-setting cement has a density of 1 * 4, when not shaken 
down, and sets in from fifteen to twenty minutes. 
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An artificial Portland cement is also made at Porte-de-France. 
The materials used are the waste from the manufacture of hydraulic 
lime, and the clinker which gives the natural Portland cement. 
Four parts of the waste are ground with six parts of clinker, and 
the resulting powder is stored for at least four months before use. 
Cement made in this way has a density of 1 * 35, and sets in three 
hours. At these works a new grinding apparatus has been intro- 
duced to take the place of the horizontal mills. It consists of a 
vertical cylinder 1 metre (3 • 28 feet) in diameter, within which a 
shaft, provided with six arms, revolves, carrying with it six loose 
steel balls, each 0 • 20 metre (7 • 87 inches) in diameter, and weighing 
35 kilograms (77 lbs.) each. The upper part of the cylinder is 
furnished with a wire sieve, through which the ground product 
passes. The speed is 180 to 200 revolutions a minute. The power 
required is said to be less than with the ordinary horizontal mills. 

In some of the factories a conical sieve is in use, which contains 
only 3 square metres (3 • 588 square yards) of wire netting. Eight 
of these sieves are required for three pairs of stones. 

During the process of manufacture numerous samj)les are taken 
and tested. Should any of these samples show signs of weakness 
when immersed in water for eight or ten days, the bulk of the 
cement is retained in store until renewed tests show it to be 
reliable. 

Analyses of the materials and finished cements are given, 
from which it appears that the two natural cements contain 
about 56 per cent, of lime, while the artificial Portland contains 
57 per cent. The amount of magnesia in the Portland cement is 
2*4 per cent., and of sulphuric acid 1 *8 per cent. 

At Voroppo, near Grenoble, four kinds of cement are made. The 
materials are of the same geological formation as at Porte-de- 
France, but the layers are inclined at an angle of 45°. They are 
worked by means of inclined underground galleries. 

The kilns are 10 metres (32*8 feet) in height, and the draught 
is increased by means of a main chimney, connected by fines with 
the kilns. The draught is further regulated by iron covers to the 
kilns, which can be raised or lowered as required. The fuel used 
is anthracite, with a little steam coal. For the quick-setting 
cements the working of the kilns is continuous, and for the 
Portland cement intermittent. The general process of manufacture 
is similar to that adopted at Porte-de-France, and the finished 
cement is stored at least six months before being issued. The 
sieves used are fiat, inclined at an angle of 45°, and are kept in a 
state of vibration. 

In chemical composition these cements differ but little from 
those of Porte-de-France. The Portland cements are slightly 
richer in lime, and consequently set more slowly. The crushing 
strength per square centimetre of the slow-setting Portland cement 
is 120 kilograms per square centimetre (1,834 lbs. per square inch) 
in ten days, and 458 kilograms (6,514 lbs. per square inch) in one 
year. 
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At Grenoble and Tenay six kinds of cement are manufactured, 
tbe time of setting of which varies from three minutes to three 
hours. Here again the materials belong to the same geological 
formation as those of Porte-de-France. The bulk of the cement is 
made from a layer of limestone 4*50 metres (14*76 feet) thick, 
containing about 24 per cent, of clay. The outer portions of this 
layer contain a larger proportion of carbonate of lime, and can be 
distinguished after burning. They are picked out by hand, slaked 
by sprinkling with water, and afterwards ground and sifted. 

The artificial Portland cement is made of a mixture of three 
materials, viz., the waste from the manufacture of hydraulic lime, 
clinker produced during the burning of the quick-setting cement, 
and clinker made of an artificial mixture of marl and limestone. 
The latter mixture is burnt for a fortnight in intermittent kilns. 
The finished Portland cement contains 50 per cent, of lime and 
3 per cent, of magnesia. The tensile-strength of the neat cement 
in twenty-eight days is 48*6 kilograms per square centimetre 
(691 lbs. per square inch). 

A limestone belonging to the Lias formation yields the raw 
material for two varieties of cement manufactured at Valbonnais. 
The layer used is 4 metres (13 feet) in thickness, and is worked 
through three galleries, the lower of which forms an inclined plane. 
The stone is burnt in kilns working continuously, and the product 
is afterwards picked by hand. The harder clinkers yield a slow- 
setting cement, which is stored two or three months before use- 
The percentage of lime in this Portland cement is 55 • 7, and of 
magnesia 0*5. Sulphuric acid is present to the extent of 2 per 
cent. At La Mure, a church, 52 metres (170*5 feet) in length, is 
being built almost entirely of concrete blocks made with this 
cement. 

Vicat’s slow-setting Portland cement has been made since 1857 
at Genevray, near Grenoble. The original factory was pulled down 
last year to make room for new stores. The raw materials are a 
rich lime, made by burning a pure limestone, and a highly 
argillaceous limestone, containing 40 per cent, of clay. These two 
are mixed in such proportions that 23 parts of clay would unite 
with 77 parts of carbonate of lime. The argillaceous limestone is 
heated at a temperature which is too low to expel the carbonic 
acid, and is then ground and sifted through a No. 55 sieve. An 
automatic apparatus takes a sample from each sack of ground 
material. These samples are analyzed, and serve to regulate the 
proportions of the mixture. The rich limestone is first biirnt, then 
slaked by placing in perforated iron vessels, which are immersed 
for an instant in water. The contents are then discharged upon a 
grating, where the lime slakes and falls through, leaving the slags 
and imperfectly-burned pieces upon the grating. In six or seven 
days the slaked lime is sifted through a No. 60 sieve and removed 
to stores, where samples are taken for analysis. The pulverized 
raw materials are mixed by weight in proj^ortions dej^endent upon 
the chemical composition. The mixed j^owder is then nioistened, 

[the INST. C.E. VOL. XCVIII.] 2 E 
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moulded into bricks, and dried in the open air. The kilns, which 
are forty-two in number, have a total height of 10*50 metres 
(34 feet), and a diameter of 2*50 metres (9 * 2 feet) or 3 metres 
(9 • 84 feet). Before charging into the kiln the bricks are broken 
into small fragments, which are arranged in layers alternately 
with anthracite. The proportion of fuel used is one-sixth of the 
weight of the briquettes, and varies in different parts of the kiln. 
The clinker from the kilns is first broken in a stone-crusher, and 
ground in mills of the usual type. The cement is then sifted 
through a No. 60 sieve. Samples of the finished product are taken, 
and the briquettes are not only tested for tensile-strength but are 
frequently analyzed as a check upon the proportions of the raw 
materials. The tensile-strength of a mixture of 1 part by weight 
of cement with 3 parts by weight of standard sand is also 
ascertained. The sand is prepared by sifting siliceous sand 
through a sieve of 64 meshes per square centimetre (413 meshes 
per square inch). That which passes through is again sifted 
through a sieve of 144 meshes per square centimetre (929 meshes 
per square inch), and the sand remaining upon the latter is used 
for the experiments. Each series of tests is made with forty-four 
briquettes of a breaking section of 16 square centimetres (2*48 
square inches). These are broken at periods varying from five 
days to a year, the same system having been carried out since the 
establishment of the factory. The time of setting of this cement 
varies from eight to twenty-four hours, according to the tempera- 
ture. The percentage of lime is 61 * 25, of magnesia 1 * 90, and of 
sulphuric acid 1*70. The tensile-strength of the neat cement in 
twenty-eight days is 33 • 83 kilograms per square centimetre 
(481*16 lbs. per square inch), and the crushing-strength in the 
same time 372*3 kilograms per square centimetre (5,295*16 lbs. 
per square inch). Mixed with 3 parts of sand, the figures are 
19*67 kilograms per square centimetre (365*5 lbs. per square 
inch) and 177*3 kilograms per square centimetre (2,521*7 lbs. per 
square inch) respectively. 

At Uiriago a natural cement is made by the same firm from a 
limestone of the Lias formation. This stone is traversed by 
irregular white veins of carbonate of lime, which are carefully 
picked out before burning. The kilns are 6 metres (19*68 feet) 
high and 3 metres (9 * 84 feet) in diameter, and are worked con- 
tinuously. The manufacture of this cement is similar to that of 
the other natural cements of this district. The finished product 
contains 47 * 30 per cent, of lime, and 1 * 95 of magnesia, with 2 * 20 
per cent, of sulphuric acid. 

Near La Grande Chartreuse two kinds of cement are manu- 
factured from a layer 3 metres (9 * 84 feet) thick, belonging to the 
Neocomian formation. The strata are inclined at an angle of 43*^, 
and the stone is extracted through twenty-two galleries, each 
8*50 metros (11*48 feet) in height. The difference in the quality 
of the two cements produced here is chiefiy due to the mode of 
burning. The heavy, or slow-burning, cement is burned for three 
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weeks, during which process about 10 per cent, of dust is produced, 
which is rejected. The proportion of lime in these cements is 
54 • 5, of magnesia 3 • 5, and of sulphuric acid 4 per cent. 

The quick-setting Grenoble cements are largely used for gas- 
and water-pipes, sewers, and other hydraulic work which must be 
executed rapidly. The general composition of the concrete is 
1 part, by volume, of gravel to 1 of cement. 

Keferring to the discrepancies so frequently noticed in the 
weights of the same cements when taken by different observers, 
the Author proposes to weigh a given volume of cement after it 
has been subjected to a series of two hundred and fifty or three 
hundred shocks in a litre vessel of metal 0*172 metre 
(0*564 foot) in height, and 0*086 metre (0*282 foot) in 
diameter. The cement should fill the measure loosely at the 
commencement of the experiment, and the distance to which it 
sinks when shaken down will be an indication of the relation 
between the weight when weighed in the loose state and when 
packed. It was found that the density of a cement did not 
perceptibly increase when the number of shocks given to the 
vessel was greater than three hundred. The increase in density 
by this method was about 30 per cent., as compared with the 
powder measured loose. The microscopic examination of a cement 
is recommended as a means of detecting impurities, and of 
controlling the fineness of grinding. 

In storing the ground cement, it has been noticed that there 
is an increase of temperature of about 8° Centigrade (14° *4 
Fahrenheit), especially during moist weather. Storing tlie 
cements for two or three months before using is general, and 
appears to be necessary. With the Portland cements especially 
the time of setting is considerably increased by storing. In the 
cements examined, the percentage of sulphuric acid varied from 
1*65 to 3*70. Experience has shown that even 4 per cent, of this 
substance has no injurious effect when the cement is used in fresh 
water. When exposed to salt water, so high a proportion of 
sulphuric acid would prove injurious, owing to the formation of 
sulphate of magnesia. 

W. F. E. 


The Manufacture of Slag-Cement. By J. Gkosclaude. 

(Annales Industnelles, July 21, 1889, p. 89.) 

The manufacture of cement from slag has, in the last few years, 
become rapidly extended, and works are now in operation in France 
at Saulnes and Mamaval, in England at Middlesbrough, in Switzer- 
land at Choindez, at many places in Germany, and at Bilbao in 
Spain. The quality of the cement varies considerably in accord- 
ance with the composition of the raw products employed, and the 
care exercised in the manufacture, but the material when well 

2 £ 2 
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made will bear comparison with the best Portland cement. The 
slag employed should be basic, and must be previously granulated 
on the system of Mr. C. Wood, as otherwise it is devoid of hydraulic 
properties. According to Professor Tetmajer, of Zurich, the lime, 
silica, and alumina in the slag, should bear to one another approxi- 
mately the following proportions: as 46, 30, 16. Fat or pure 
limes are generally selected to add to the slag, but the Author 
counsels the adoption of poor or clayey limes, in cases where the 
cement is to be used above ground. Where much calcium sulphide is 
present, as in the Bilbao slags, the cement takes a greenish tinge, 
but this does not impair its quality. A sample tested by Professor 
Tetmajer, composed of 100 parts of Bilbao slag and 15 parts of lime, 
was found on analysis to give the following percentage results : 
silica 30*56, alumina 13*31, oxide of iron 0*25, oxide of man- 
ganese 1*74, oxide of lime 45*01, magnesia 2*96, sulphate of lime 
1*41, and sulphide of calcium 4* 63. Briquettes of the neat cement 
were tested as follows : — 

Seven days. Twenty-eight days. 


Strength in compression per square centimetre — Kilograms. Kilograms. 

In water 96*9 120*9 

In air 144*0 

Tensile-strength per square centimetre — 

In water 19*3 28*7 

In air 19*5 


The mode of preparing the slaked lime and the apparatus used 
for the purpose is explained by reference to diagrams. Drawings 
are given of various descriptions of drying machines which have 
been employed for desiccating the granulated slag ; the rotary drier, 
invented by Mr. Buelle, is preferred by the Author, and a novel 
form of apparatus, patented by Mr. Raty, of Saulnes, is described 
and fully illustrated. For the intimate admixture of the slag and 
slaked lime, and for grinding the same to a fine powder, the 
apparatus of Mr. Luther, of Brunswick, is employed. This consists 
of an iron cylinder with a corrugated lining, partly filled with 
small metal balls, by means of which the materials are both ground 
and mixed in one operation, which lasts about three quarters of 
an hour for each charge. The cement thus prepared leaves a 
residue of from 5 to 6 per cent. ' on a sieve of 2,500 meshes per 
square centimetre. A sample of slag cement made at the Donjeux 
factory was officially tested at the Nicole des Fonts et Chaussees in 
September 1888, wdth the following percentage results : combined 
silica 23*85, alumina 13*95, peroxide of iron 1*10, lime 51*40, 
magnesia 1 * 95, sulphuric acid 0 * 45, sand 0 * 25, loss on ignition 7 * 05. 
It left on a sieve of 5,000 meshes per square centimetre a residue of 
23 per cent. ; gauged with 28 per cent, of water, the initial set took 
place in one and a quarter hour, and the set was complete at the end 
of three hours. On the mean of six tests the neat cement showed 
the following tensile-strength per square centimetre : in seven days 
21 * 87 kilograms, in twenty-eight days 26 * 88, and in eighty-four 
days 31*15 kilograms (equivalent per square inch to 311*06 lbs.. 
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382 *32 lbs., and 443*05 lbs. respectively). Briquettes of 3 parts 
sand to 1 cement broke in seven days at 14*93 kilograms, in 
twenty-eight days at 26*03, and in eighty-fonr days at 29*23 
kilograms (equivalent per square inch to 212*35 lbs., 370*23 lbs., 
and 415*74 lbs. respectively). Tables too long for abstract in- 
dicate the composition of twenty-three different samples of slags 
from various foreign furnaces, together with tests of the cements 
made from the same. 

An estimate is given of the cost of the plant for a works capable 
of producing 6,000 tons of cement per annum, and of the necessary 
materials for the same, also of the expense of manufacturing the 
cement and the profits on the manufacture. The estimate is 
accompanied by plans and sections of the factory. 

G. B. E. 


Utilization of Waste Products. 

(Wochenschrift des iJsterreichisc hen Insjenieur- und Architekten-Vercins, 

1889, p. 215.) 

After pointing out various new substances that have resulted 
from the successful utilization of waste products, such as perfumes 
and saccharine from coal-tar refuse, the Author proceeds to show 
that a good and useful building material may be produced by 
roasting at a temperature of 302° Fahrenheit, the rubbish obtained 
from old buildings ; that by such process so much water is driven 
out of the material as to reduce the volume from 20 to 40 per cent., 
and hence the employment of such a perfectly dry material in a 
building will prevent the settlements so often observed, resulting 
from the drying of the material within the walls of the building 
itself. A further advantage is a sanitary one, for while the original 
waste product may contain within itself the germs of disease, these 
are destroyed by the intense heat to which they are subjected in 
roasting, and the material is therefore completely disinfected. 

Another useful building material is manufactured from blast- 
furnace refuse in the form of bricks and paving slabs, and this has 
established a new industry in the smelting houses on the 
Schweehat near Vienna, where the furnace slag is broken up and 
mixed with hydraulic lime and then moulded under steam-pressure 
into bricks. The value of the product consists in the formation of 
silicate of lime from the combination of the silica in the slag with 
the lime, resulting in a hard material which increases in hardness 
on exposure. The brick in this condition is of a uniformly 
greyish white colour of rather coarse grain and very sharp edges, 
and possesses in a high degree the two valuable properties of 
permeability and porosity, and thus constitutes an essentially 
healthy building material. The durability of the material too 
has been tested by a fifteen years' exposure in some cases, and no 
signs of wear or weathering have been noticed; in short the 
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results of its employment have been so favourable that it has been 
recommended by the Board of Works for general purposes, and to 
be used with a mortar made from slag, sand and hydraulic lime. 

Paving slabs are now made according to a patent process by 
mixing furnace slag with Portland cement and other constituents, 
which produce rapid hardening and great strength, and such 
pavements are now laid down for special purposes in London, 
Paris, and Vienna. 

W. H. E. 


The Renewal and Reconstruction of Iron Rridges in Austria. 

By Ludwig Huss. 

(Zeitschrift des osterreicliischen Ingenieur- und Archittkten-Vereins, 1889, p. 59 ) 

About two years ago an iron bridge of ordinary type, on one of 
the Austrian railways, broke down suddenly under a train, although 
it had been constructed not ten years previously. The Board of 
Safety immediately issued a general order for the examination, 
revision of calculations and renewed testing of all iron bridges ; 
and, with the assistance of the most experienced engineers in the 
Empire, drew up a revised order for the construction of all future 
bridges. The work necessitated under this general order developed 
an entirely new phase of industry, and much information and 
laatorial relative to the strengthening and renewal of iron structures 
was also accumulated. 

The iron bridges on Austrian railways constructed before the 
date of the above order may be referred to two periods ; the first 
from about 1857 — when the first iron bridges were constructed — to 
August 30th, 1870, when the first general order was issued relative 
to the conditions to be observed in iron structures ; and the 
second period from the latter date to September 15th, 1887, when 
the new order was issued. 

Many of the earliest types of bridges, such as those constructed 
on the systems of Langer and Schifkorn, and some fish-bellied 
arrangements of double-headed rail-girders, have already been 
abolished ; and the generality of the bridges of the first period are 
now altogether too weak for present traffic. This deficiency is 
most conspicuous in the bridges of 60 to 165 feet span, and notably 
those of about 100 feet span. Bridges of spans from 6 feet 6 inches 
to 40 feet, «.e., plate-girders, are more generally suited to the 
loads. 

Apart from the wear and tear of the structures in question, the 
two most important factors in increasing the strains have been 
the increase in the weight of locomotives and the increased speed 
of the trains. In 1848 the average weight of engine and tender 
was 30 tons, in 1878 it was 40 tons, and is now 45 tons ; and on the 
State railways in 1858, 34 tons; 1868,37 tons; 1878, 43 tons; 
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1888, 62 tons ; in botli oases an increase of about 50 per oent.^ 
There has been a similar increase of at least 50 per cent, in the 
average speed of trains during the same period. 

All these iron bridges are supposed to have been originally con- 
structed with a factor of safety not less than 4 ; but there can be 
little doubt that in many cases the margin was much less, and 
that many girders strained originally to nearly 7^ tons per square 
inch, have of late years had this strain increased to more than 
12 tons. That these unexpected strains have been developed must 
often be set down to faulty calculations, alterations from original 
design in course of construction, faulty systems of construction and 
neglect of proper maintenance. Locomotive smoke seriously affects 
girders under which the trains pass, unless very carefully main- 
tained ; while in box-girders open at the ends to the free circulation 
of air, the original colour has still remained after the lapse of 
thirty years. 

In pursuance of the general order of 1887, the work of examining 
and strengthening the iron bridges on the Austrian railways was 
promptly taken in hand. The process of renewal was generally 
commenced with the smaller span plate-girder bridges, which were 
quickly completed and involved the smallest cost. The work was 
generally executed piece by piece without interrupting the traffic, 
although with double lines it was preferred where possible to close 
one lino of rails and thus complete the work more exjicditiously. 
In some cases, e.^., bridges over streams, an intermediate pier was 
inserted. With the more important long-span bridges the traffic 
was in a few cases stopped at each end during the process of re- 
construction, passengers being transferred from train to train. 

The Author then proceeds to detail typical cases of renewal and 
reconstruction with which, as Government Inspector, lie had to 
deal. A great number of plate-girder bridges, dating from 1857 
and following years, were strengthened by the addition of extra 
plates in the flanges, and stiffeners and flat plates on the webs, and 
by the addition of cross-girders and transverse bracing. Previous 
to the execution of these rejiairs, the flanges were in certain cases 
found to be sustaining a strain of 8 • 4 tons jier sqiiare inch, rivets 
7*3 tons, and the edge of rivet-holes as much as 26*7 tons. There 
was no transverse bracing. 

Some continuous girders were treated in a similar manner, while 
others were disconnected to form two or three independent girders. 
This course was adopted so that the flanges could bo stren^hened 
in the centre of the spans, whereas otherwise the additional material 
would have been required over the points of support and have 
involved lifting the girder from the bed-plates. 

Other renewals were carried out according to the system of con- 
struction dealt with. With shallow main-girders under the rails, 
intermediate parallel girders were inserted; with lattice main- 
girders and plate cross-girders, the latter were stiffened with 
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T irons ; and where cross-girders of lattice-work had been employed 
plate-webs were substituted. Other girders were trussed longi- 
tudinally from pier to pier, lattice-girders with one system of 
diagonals were doubled, and double systems made quadruple ; in 
some cases the new material being fully 35 per cent, of the original 
ironwork. 

About two hundred and fifty plate-girder bridges and one 
hundred and fifty lattice-girder bridges were thus reconstructed. 
With bridges from 10 to 45 feet span the average additional 
material was 5 • 3 ewt. per lineal yard ; from 45 to 80 feet span 7 • 1 
owt. per yard ; and from 80 to 200 feet 9 cwt. per yard. 

The Paper is illustrated by three plates, showing details of the 
various types of reconstruction, and the methods of inserting the 
new material ; also of the staging adopted for working, as far as 
possible, without interruption of traffic. 

P. W. B. 


Viaduct over the Adda at Paderno. By G. Sacheri. 

(L’lngegneria Civile e le Arti Industriali, 1889, p. 81.) 

The short line forming a junction between the stations of Ponte 
San Pietro on the Bergamo and Lecco railway, and Seregno on the 
Monza and Como line, crosses the Adda near Paderno, at a height 
of 246 feet above the mean water-level, at a point where the river 
has eroded for itself a deep bed, with one bank sloping at about 
1 to 1, and the other (opposite Paderno) 1 to 2. The preliminary 
project was long discussed by the Government engineers, who 
examined several schemes, that ultimately chosen being one sub- 
mitted by the Societa Nazionale delle Officine di Savigliano, and 
designed by this company’s chief engineer, Mr. G. Kothlisberger, 
the contract being signed early in 1887. The work was to be 
executed in eighteen months for a sum of £75,000, and an addi- 
tional £5,200 for approaches and secondary works ; but the time of 
completion was actually deferred on account of long delay in 
obtaining the steel bed-plates and pivots of the main arch from the 
foreign contractors with whom the order had been placed. 

The chief feature of the structure is a large central arch sup- 
porting the main-girders. The bridge is for railway (single line) 
and roadway also, the former being carried between the main- 
gibers, and the latter on cross-girders with cantilever ends above. 
The total length over the abutments is 998 feet, or clear of the 
abutments 872 feet 8 inches ; this length is divided into eight spans 
of 109 feet 1 inch. Two of the piers are based on the masonry 
fouiid&tions on which the arch rests, four are built on the arch 
itself, and one pier on the slope of the bank. The chord of the arch 
is 492 feet long, and the rise 123 feet. It is formed of four separate 
arches, 13 feet 1^ inch deep at the crown, and 26 feet 3 inches at 
the springing. At the latter point the total strain on the fianges 
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of the four arches is 2,549 tons, or 637 • 25 tons to each flange, which 
is therefore comprised of eight horizontal plates 28 inches by f inch, 
two vertical plates of the same dimensions, and two angle-irons 
5 inches by 5 inches by | inch, giving a net area of 167 square inches, 
and a consequent working-strain of about 3 • 8 tons per square inch. 
The web is composed of a trellis of vertical and inclined bars, the 
strain in which is taken at 3 • 2 tons per square inch. The arches 
are erected in two pairs, the two forming each pair being 3 feet 
3J inches apart, and well tied with transverse-bracing on both 
flanges. The two pairs are inclined towards each other, being 
16 feet 9 inches apart, from centre to centre at the crown, and 
53 feet 7j inches at the springing. 

The piers are composed each of eight columns, formed of T-irons 
bolted together, and with horizontal ties and vertical cross-bracing, 
but no longitudinal cross-bracing. The longitudinal main-girders, 
resting on these piers, are 20 feet 6 inches deep, and 16 feet 5 inches 
from centre to centre, with a clear width of 15 feet 1 inch. The 
flanges, 1 8 inches in width, are of T section, and the lattice-bars 
quadruple diagonal system. These main lattice-girders carry the 
plate cross-girders, with longitudinal rail-bearers and oak sleepers, 
and perforated iron floor-plates. The carriage-way, carried on the 
upper cross-girders, is 16 feet 5 inches wide, with two footways 3 feet 
3j inches wide, or a total width between the parapets of 23 feet. 
The parapets are 5 feet high, and 272 feet above water-level. 

The chief approximate quantities of material in the structure 
are — 

Masonry work (Mol trasio stone) . . . 176,500 cubic feet. 

Granite 42,360 „ 

Wrought-ironwork — archc's 1,320 tons. 

„ „ girders .... 950 „ 

„ >1 piers 245 „ 

The weight of the structure affected by wind-pressure is 2,162 
tons ; and the moment of resistance to wind-force is therefore about 
four times the moment of overturning, and even with a pressure 
exceeding that of the most violent hurricane yet experienced in 
the country, the resistance would still be nearly double the wind- 
force. 

The temporary bridge and centering occupied ton months in 
construction, and involved much difficult constructive detail ; but 
the works were carried out to the completion of the whole viaduct 
without any loss of life. 

The Paper is accompanied by two plates, showing diagrammatic 
figures of the strains, and general views of the structure, and 
comprises also a full statement of the calculations of the strains in 
all parts of the structure arising from various loads, wind, changes 
of temperature, &c., which are further illustrated by diagrams in 
the text. 


P. W. B. 
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The Moldau Viaduct at Cervena. By Ludwig Huss. 

(Wochenschrift des bsterreicliisclien Ingenieur- und Architekten-Vereins, 1889, 

p. 254.) 

The railway now being constructed from Tabor to Pisek crosses 
the River Moldau near Cervena, at a height of 213 feet above low- 
water level, by a viaduct of three spans each 262*4 feet wide in 
the clear at the top of the pier, and with two small openings at 
the abutment ends. The line is single, and crosses the bridge in a 
horizontal straight line. 

The three main openings are spanned by iron lattice-girders ; 
the supporting masonry piers are bedded on hard granite rock, and 
are respectively 190 and 203 feet high above the foundation, with 
sections 16 feet 8 inches by 26 feet at top and 38 feet by 47^ feet 
at bottom. 

The building of these piers commenced in December 1886 and 
by April 1887 had reached high-water level of the river. On 
financial grounds the works then were stopped, but were resumed in 
May 1888 and pushed on so rapidly that by the end of the following 
November they had reached to within 42 J feet of the top, which 
gives an average daily increase of over 6^ feet in height and 
414 cubic yards in volume. The mortar used consisted of 1 part 
Portland cement and 3 parts very fine sand. 

On account of the rocky nature of the river-bed and because 
provision had to be made for rafting, a building-stage was inad- 
missible in the centre span, so it was decided to bridge over this 
by two cantilevers each 83 feet long, and a central girder of 
111 feet in length resting between them. The length of the main- 
girders is 277 feet divided into ten equal bays by diagonal and 
vertical bracing, and the height throughout is 31 feet. 

In the centre of each bay a cross-girder is fixed, which effects a 
saving in the material of the upper boom as well as in the girders 
which carry the sleepers — an idea taken from the Forth Bridge. 
The rails are laid 4J feet below the upper surface of the top boom 
for the sake of safety. 

Provision is made against lateral movement of the central girder 
both at the top and bottom of the joints connecting it with the 
adjacent cantilevers, which have their fixed support on the high 
centre piers and their other ends resting on roller-beds on the 
abutments of the bridge. 

For hoisting up the materials two travelling-cranes are used, 
one on each top boom ; and it is stated that one bay can be com- 
pleted in three days, including the riveting for which two thousand 
three hundred bolts are required, and that while in bridge-building 
generally about 45 per cent, of the riveting is done in the shops 
and 65 per cent, in situ, in this case 85 per cent, of the rivets will 
be driven in the shops and only 15 per cent, at the bridge site, 
thus securing faster, better and cheaper work. 
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The cost of earthwork and masonry is set down at £19,000 and 
of iron and wood at £32,000, or a total of £51,000 ; and since the 
area of cross-section of the valley is about 14,000 square yards, 
this gives a cost of £13 lOs.. per square yard as opposed to £3 for 
the Trisana, and £4 for the Garabit Viaduct. 

The total weight of iron and other metal work in the viaduct is 
about 940 tons or 3^ tons per linear yard. 

A Plate accompanies the Paper, containing an elevation of the 
viaduct to a scale cross-section of a pier and detailed drawings 
of a bay and its connections. 

W. H. E. 


A New System of Examination for Iron Bridges. 

By Firmin Larroque. 

(La Lumifere Electrique, vol. xxxiii. 1889, p. 230.) 

Iron bridges are now made with such immense spans that it 
becomes daily of more importance to be assured of their safe con- 
dition. As yet few accidents have happened, but the metal is 
always deteriorating from the effects of change of stress, vibration, 
and oxidization. After the initial tests before the opening of a 
bridge it is usually considered sufficient if it be frequently painted, 
and if there be an absence of noticeable change of form. The 
elastic properties of the metal are gradually altered by the con- 
stantly changing stresses ; this is imperceptible externally, and the 
Author considers the effects of vibration to be even more serious 
than those produced by direct bending. Proceeding to consider 
the case of an elementary bridge of one single girder, lie says, when 
a rolling weight, travelling at a certain speed, crosses the girder it 
bends and vibrates ; putting bending out of consideration, the 
girder may be considered as if made up of a groat number of 
transverse laminae separated by vertical planes ; as the weight 
passes these laminae in succession, waves of vibration travel from 
one end of the girder to the other, and remain distinct from one 
another, unless the weight move at the same sjieed as such waves 
are produced ; so that it is clear that, when the weight has crossed 
the bridge, any given point has received the waves coming from all 
the separate laminae, and, if a microphone be placed at such point, 
the waves may be transmitted electrically to a telephone. A record 
taken when the bridge is new may be comj^ared with all future 
records, and the difference, if any, noted. Such difference would be 
an indication of deterioration. In order to compare the records they 
must be lasting ; for this purpose the phonograph is used, and this 
is the key to the system. The Author has used three different 
methods ; (1) A string, stretched by a small weight, was passed 
over a pulley, the spindle of which was fixed to the vibrating body ; 
the string was then carried to a spiral spring, and thence to the 
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diaphragm of a phonograph, the spring being used to lessen the 
length of the vibration ; (2) An india-rubber ball, with a small 
weight placed upon it. Was connected by tubing to a drum, one face 
of which was the diaphragm of a phonograph ; both these methods 
are of little use when the distance between the phonograph and 
the vibrating point is great ; (3) The vibrations are received by a 
microphone which transmits them to a telephonograph which 
registers them, and this method is suitable for any distance. In 
order that the length of time occupied in noting vibrations may be 
always exactly the same, a contact forming part of the circuit to 
the two instruments is placed at each end of the bridge, the first 
of which is closed by the passing body as it comes upon the bridge, 
the other opened as it leaves it. For comparison of different records, 
the Author prefers sight to hearing, and, for this purpose, has 
modified the phonograph as follows. In place of the diaphragm he 
uses a thin rectangular plate, fixed by one edge, and carrying at 
the other end a point on one side, and a very small mirror on the 
other, which latter reflects a ray of light on to a screen. The 
phonograph, if then made to travel parallel to the screen, produces 
a luminous zigzag line on it, and, if two instruments are used, and 
both are made to travel and revolve at the same speed, two records 
can be compared, or, one phonograph may be used in a fixed 
position, while a sensitized paper is made to travel in front of it in 
place of the screen. Any number of different tests may then be 
compared by photography. The Author has been able to discover, 
and to locate, hidden flaws in bridges by the above means, and the 
whole apparatus may be used for any number of bridges. 

E. K. D. 


An Apparatus for the Measurement of Strains in Ironworh, 

By J. Deistler. 

(Technische Blatter. Viertel jahrschrift des deiitsohen Polytechnischen Vereines 
in Bbhmen, 1889, p. 17.) 

This apparatus, the description of which is accompanied by 
illustrations in the text, was devised by the Author for testing the 
strains in various parts of finished iron structures. Although 
intended chiefly for tension and compression tests, it can also be 
adapted to the investigation and recording of other strains. Its 
action is based on the general principle that, within the limits 
of elasticity, the alteration of form in any bar is symmetrical at all 
points. 

The apparatus consists of a round bar or rod with two clamps 
and a recording dial. The two clamps, which are generally used 
8 feet 3 inches apart, though adjustable to other less spaces, are 
firmly fixed on to the bar or plate to be tested. The lower clamp 
is immovably connected with the testing-rod, which, however, 
works freely through a collar in the top clamp ; this top clamp 
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carrying the dial, upon which, to right and left respectively of a 
vertically-placed zero point, is a scale divided into spaces 
representing strains of 0 • 063 ton per square inch of either tension 
or compression. The scale is divided into four hundred of these 
divisions, «.e., to a maximum of 25 * 2 tons per square inch. 

The test-rod terminates by a micrometor-screw connection (by 
which the dial index can bo adjusted to zero) on the centre of a 
hinged arm, the free end of which is connected with a hinged 
segmental rack-work and a central toothod-wheel which carries the 
needle or index-hand ; so that the depression or elevation of the 
test-rod — corresponding to tension or compression of the bar, is 
communicated to a circular movement of the needle upon the dial. 
The proportion of elongation or comi)ression can be set for different 
materials by means of an adjustment screw altering the fulcrum on 
the hinged arm ; it is usually set for the modulus of elasticity of 
wrought-iron, but can be easily altered for testing steel, cast-iron, 
etc. The average results of many trials of the instrument have 
shown no greater variation than 0*4 per cent. 

The apx^aratus can be used by varying clamps for flat or for round 
bars, plates, or any shape of ironwork ; but care should be taken in 
case of deflection or curvature of the axis of the tested work that 
the test-rod is on neither the convex nor the concave side, as the 
result would be either exaggerated or understated on the dial. 
The successive deflections of the centre-line of a bolt when a nut is 
being screwed home can bo seen very clearly by the indications on 
the dial. 

P. W. B. 


Tlie Extension and Improvement of Lihau Harbour. 

(Centralblatt der Bauverwaltung, 1889, pp. 210 et seq.'y 

Libau, the most westerly Russian port on the Baltic coast, is 
situated, not far from the German frontier, on a flat sandy coast, 
and upon a strip of land between Lake Libau and the sea. It is 
one of the few Russian ports which are comi)aratively free from ice 
in the winter, and is therefore a position of considerable com- 
mercial value, especially since the railway communications with 
the interior of the country have been completed. The coast is 
occasionally closed up by drift-ice or by “ snow-ice ” (snow which 
freezes into a solid crust on the surface of the sea), but this can 
always be cut through by a steamer fitted with an ice-plough, as it 
does not accumulate to any great extent. 

The old harbour is formed by the channel leading from the lake 
to the sea, into which it extends between two piers, lengthened 
about twenty years ago to 3,346 feet and 2,723 feet on the south 
and north sides respectively, so that the harbour is altogether about 
6,230 feet long, with an average width of 350 feet. These two 
X)iers are formed of random rubble faced seawards with rough setts 
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in cement, and on the harbour side with piling. The average cjost 
of this work was about £45 per yard. At the same time the 
harbour was dredged to a depth of from 18 feet to 20 feet, the quay 
walls were extended, and two lighthouses built, and the bar at the 
mouth of the harbour was removed, so that a sufficient depth of 
water was obtained, and the commerce of the port greatly developed. 
In the course of two years, however, the channel had considerably 
silted up, so that the depth nowhere exceeded 1 6 feet ; and although 
dredging was continually carried on, it was found impossible to 
attain a greater depth than 17 feet, and even this disappeared 
during the ensuing winter, so that early in the following spring 
the depth of water was not more than 13 feet, while the sandbank 
outside the piers had increased in width to the extent of 200 yards. 
A committee, appointed to examine the condition of the harbour 
and determine upon the works required for its improvement, 
occupied some years in its deliberations, so that the works decided 
upon could not be commenced before the early part of 1886. 

The first work undertaken was the extension of the south pier,, 
which was lengthened by 3,914 feet, and carried forward in a line 
curving slightly to the northwards, into 30 feet of water. The 
northern pier, not yet completed, has a length of 5,692 feet, com- 
mencing at a point on the shore about 6,250 feet from the south 
pier, the clear water-way between the pier-heads being 525 feet. 
It was also decided to dredge the portion of the harbour outside 
and beyond the old piers to a depth of 24 feet, while the shore, by 
which so much silting has been occasioned, was faced for a con- 
siderable length by a sea-wall. The south pier is built of 17-ton 
blocks of masonry in cement-mortar, upon a random-rubble founda- 
tion. Beyond a depth of 21 feet of water this foundation is formed 
of larger blocks. 

The cost of the harbour works, inclusive of the north pier, which 
is not yet completed, and which will when finished enclose a first- 
class harbour of refuge, is fixed at £1,185,000. A steel-built screw 
steam-dredger of 300 HP. has been provided, measuring 148 feet 
by 29 feet 6 inches by 1 2 feet 4 inches draught, and with a capacity 
of 325 cubic yards of dredged material ; also a powerful steamer 
fitted with an ice-plough, and other implements for clearing any 
accumulation of ice in the harbour. 

P. W. B. 


The Port of Nicolaieff. By D. Gnusin. 

(Jurnil Ministerstva Putei Soobstchenia, 1889, p. 11 et seq') 

This Paper extends through several numbers of the journal ; 
the first part, besides a general description of the port, treats of 
the physical conditions of the locality, of meteorological data, of 
the currents and variations of the level of the water, the quality of 
the water, frosts, duration of time during which navigation is 
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open, and the channel from Nicolaieff to the sea. The second part 
considers the port from a commercial point of view; and the 
third portion gives details of improvements which are being 
carried out to remedy the following defects : — 

f 1^ The shallowness of the channel from Nicolaieff to the sea. 

f 2 1 The insufficient length of the quays. 

Q3) The incommodiousness of the town jetties, and the difficulty 
in getting vessels up to them. 

(4) The incommodiousness of the ways leading from the town 
to the port. 

(5) The absence of proper pavement on several roads leading 
from the business quarters of the town to the port. 

(6) The want of additional railway-communication with the 
main line ; and 

(7) The absence of a harbour for barges satisfying the present 
conditions of the trade. 

The channel from the port to the sea is to be deepened to a 
depth of 23 feet. For reasons enumerated by the Author, it has 
been decided to transfer the port to the Popoff creek, where the 
town jetties are now situated. The length of the quays is 
fixed at 550 sagenes (3,850 feet), their height above the level of 
the water at 1 sagene (7 feet), and their depth below water at 
20 feet. The Author divides these projected improvements under 
two heads ; the first, for which 1,630,000 rubles (£163,000) have 
been granted by the Imperial Treasury, includes the deepening 
of the harbour, the levelling of the port area for a width of 
50 sagenes (350 feet) along the whole length of the quays, the 
construction of the quay walls, docks, &c. Under the second 
head, for which a sum of 200,000 rubles (£20,000), collected by 
a ^copeck (0’12cZ.) town tax, is assigned, includes the erection 
of two railway- and three road-bridges, the lighting of the port, 
and the paving and laying down of two new api)roaches from 
the town to the port. The contract for these works was granted 
to Messrs. Boreesha and Maksimovitoh. Details of the cost of 
the various works, excavations, &c., are given, and the Paper is 
illustrated by plans and drawings. 

O'. K. 


Progress of the WorTcs of Improvement in the Bilbao River. 

^Anales de la Construccion y de la Industria, Madrid, 1888, pp. 68, 84, 101, 115, 

and 203.) 

The Anales publishes in successive numbers the Annual Eeport 
of the Chief Engineer, Senor Evaristo de Churruca, containing a 
summary of the works executed in the river and harbour of Bilbao 
since the creation of the Board of Works (Junta) in 1877, with 
details of work done during the year 1887 at the expense of 
the local authorities ; these being in addition to the extensive 
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constractions by the numerous mining, railway, and industrial 
oompanies. 

The exports (chiefly of iron ore) have risen during the last nine 
years from 1,196,422 tons to 3,921,164 tons ; and the imports (chiefly 
of coal) from 144,977 tons to 473,270 tons, which large increase 
would have been impossible without the costly improvements 
which have been carried out during the same period. In 1878 the 
width of the channel over the bar at the entrance to the river was 
70 metres, and the depth at low-water only 45 inches ; the width 
has now been increased to 80 metres, and the depth, at the lowest 
tides, to 16.^ feet, with the result that, whereas formerly vessels 
drawing 15 feet could only cross the bar at the highest equinoctial 
tides, vessels drawing 21 feet can now readily enter the harbour at 
high-water, and vessels of 2,000 tons can bring their cargoes up 
the whole length of the river, and discharge and reload at the 
quays of the town. 

The works comprise extensive quay walls, docks, buoys, electric 
lighting, steam-cranes, a lighthouse, and a very large amount of 
dredging. The sea-wall at Portugaleto has had an additional 
890 yards added to its length, and the river is being provided with 
about 4,530 yards of loading quays on the right, and 2,000 yards 
on the left bank, the construction of which has been nearly com- 
pleted. During the three years 1884-6, the river has been dredged 
to the extent of upwards of 906,000 cubic metres of sand and stone 
at a cost which, in the upper part of the river, exceeds bd. 
per cubic metre, owing to the great distance which the sand and 
stones have to be carried, beyond the entrance of the port ; and, in 
addition, 769,300 cubic metros have been raised by the same means 
during the construction of a large tidal basin, at a cost of 9d. 
per cubic metre. For a distance of 3J miles from the mouth 
of the river to the anchorage at Desierto, the quays are illuminated 
at night by electric lamps during two hours before and two hours 
after high-water, and 1,598 vessels took advantage of this to enter 
the river at night during the year 1887. 

The total cost of these works being estimated at £475,000, the 
expenditure by the Board during the year 1887 amounted to 
1,957,287 pesetas, or about £40,000. 

Further works of an extensive character have now been de- 
termined on, and a breakwater 1,500 yards in length at Abra, out- 
side the entrance to the harbour, with a further defence opposite to 
it 1,190 yards long have been commenced. Between these walls 
there will be anchorage for large ships, the distance between the 
two being about 700 yards, and the depth of water 40 to 50 feet. 
The cost of these works is estimated at 30,597,309 pesetas, or 
£1,223,900. 


0. C. D. E. 
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The Peculiarities in the Wear of Paving-Setts. 

By — Ficiitner. 

(Deutsche Bauzeitung, 1889, p, 427.) 

Referring to previotis communications on the wear of road 
making materials, the Author states that while the reasons for the 
wear of wood-paving, asphalt, etc., have been clearly explained, 
he had failed to find, in anything already published on the subject, 
satisfactory reasons for certain singular deformations which take 
place in paving-setts. The arrangement of such setts may either 
be with the longer side at right-angles to the direction of the road, 
or diagonally inclined at 45"^ to the same. In the former case the 
length of the setts is usually about one and a half time their 
width, in the latter class of pitching the setts are generally 
larger and square in plan. By reference to diagrams, the Author 
explains the changes which gradually take place in level roadways 
and on inclines, the tendency being to induce a slight tilting of 
the bed of each stone, which in time causes the sett to lose its 
verticality. Traffic passing from loft to right causes the right edge 
of the stone to rise, or the left edge to sink, and vice versd^ leading 
eventually to a saw-like formation of the road-surface. In sharp in- 
clines, such as the ramps of bridges, etc., where the setts are placed so 
that their joints are originally at right-angles to the inclination of 
the ramp, the same alteration in position takes place. The Author 
believes these changes to be produced by the wheels of vehicles, 
which, after passing the soft joint, give a slight rap to the 
edge of the stone first encountered, and this hammering causes 
this edge in time to drop. The changes could scarcely be effected 
by the horses’ hoofs, as, on descending ramps, where the horse 
is to a certain extent being pushed before the vehicle, the same 
tendency can be observed. The alteration in the surface of 
the roadway can best bo noticed when the street has recently 
been watered, and when the sun is shining along it. In 
this case, looking towards the sun, a series of dark lines will 
be seen marking the joints across that part of the road traversed 
by vehicles from right to left, the portion of the roadway 
traversed from left to right being bathed in light or vice versa. 
The smaller the width across the setts, the less is this tendency to 
become disx^laced. The Author gives a design for a frame 3.^ metres 
in length, containing a section of roadway, i>itched with setts of a 
given size, and furnished with an arrangement beneath for recording 
graphically the changes which are produced in the position of 
the paving-setts. This apparatus could bo inserted in a public 
thoroughfare, and would be useful in determining, by practical ex- 
periment, the best sizes and shapes for paving-setts, and the most 
durable methods of bedding them. 

G. E. E. 
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Wave-Power Pump. 

(Engineering News, New York, September 7, 1889.) 

A wave-power pump lias just been put in operation at Ocean 
Grove, New Jersey, to^ supply water for street-sprinkling. The 
device is the invention of N. O. Bond, of Fairfax, Virginia. A 
pier was built out into the surf, and on the seaward side were 
hung eight gates, swinging on a horizontal rod along their top. 
Each gate is 13 feet wide, and its lower edge is immersed about 
2 feet at low tides and 7 feet at high tides. A rocking arm 
attached to the gate is connected by a rod to a force-pump with 
horizontal cylinder. The water is forced to a tank about 40 feet 
above, whence it is drawn as needed by the sprinkling-carts. 
Press reports state that on the 26th of July, when two of the gates 
were first put in operation, 40,000 gallons of water were pumped 
into the tank. The length of time taken to do this is not stated ; 
but, estimating it at twelve hours, each gate would have developed 
from 20 to 25 HP. But Engineering News thinks it is hardly 
likely that a gate of that size would prove so effective an engine. 
Most probably the tank to which the water was pumped was 
40 feet away from, instead of 40 feet above, the sea. This 
supposition is corroborated by an examination of the New Jersey 
map, which fails to show any elevation in or near Ocean Grove 
more than 20 feet in height. 


Duty -Trials of Pumping-Engines. By George H. Barrus. 

(Journal of the Association of Engineering Societies, New York, 1889, p. 365.) 

The Author considers that a standard method for testing steam 
pumping-engines is most desirable. Yet, although a trial is par- 
ticularly necessary for this class of engine, the test is usually left 
to the discretion of the experimenter, and no recognized standard 
exists. What constitutes a duty-trial is still an ox)en question. 
Sometimes it is the number of lbs. of water elevated 1 foot by 
100 lbs. of coal ; sometimes it is this quantity plus the work equi- 
valent to the friction of the delivery-main. Some engineers reckon 
the volume of water displaced by the plunger ; and some the number 
of foot-lbs. of work done. The duty-trials as now returned are 
very confusing, and the following points differ in most of them, 
viz., the amount of steam evaporated by 100 lbs. of coal ; the 
percentage of ash in the various coals ; the measurement of the 
water from the pump ; the moisture in the steam ; and the tem- 
perature of the water and the steam. 

The main object of a test-trial of a steam pumping-engine 
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should be to determine the economy of the engine ; that is to say» 
under what circumstances it will perform the greatest amount of 
work with the least expenditure of fuel. A standard method 
should embrace the five following points : — 

I. To enable one engine to be compared with another. 

II. To help the engineer to compare his engine with a given 
competing type. 

III. To furnish the purchaser with the actual facts, and the 
means of knowing the economy of different forms of engine. 

IV. To provide engineers with various data for making improve- 
ments. 

V. To establish an authoritative standard for the use of engi- 
neers and purchasers, by specifying the methods to be followed in 
any contracts. 

In order to make this method applicable to every pumping- 
engine, which is the main object of the Author, it is first necessary 
to establish a unit of measurement suitable to all circumstances. 
The unit usually adopted, viz., 100 lbs. of coal, is undesirable, 
because it varies so much with the evaporative power of the par- 
ticular coal used. To avoid this difficulty, some engineers reckon 
the quantity of steam consumed, using a unit of steam. But this is 
also limited in application, and unfit for the purposes of a standard. 
Care must always be taken to give the temperature of the feed- 
water in each case, as without it the comparison would bo erroneous, 
and any new system should take this into account. The best unit 
of measurement, therefore, is the heat-unit, which is independent 
of the boiler, the steam generated by it, and the coal consumed. 
The heat-quantities are the only true basis on which to determine 
a standard for the performance of a steam pumping-engine. 

This involves no great departure from the ordinary unit of 
100 lbs. of coal. The heat-unit may be calculated as the amount of 
heat produced by 100 lbs, of gotxl coal, burnt under favourable 
conditions. Thus, if 11^ lbs. water are evaporated at 212° by 1 lb. 
of coal — a good average performance for both boiler and coal — 
11^ lbs. X 906 = 10,867 • 5 thermal units for 1 lb. of coal. Therefore 
the present unit of 100 lbs. of coal may bo expressed by 10,867 X 100 
= 1,086,750 thermal units, or in round numbers, 1,000,000 thermal 
units. This is the unit juoposed by the Author as a standard for 
duty-trials of pumping-engines. 

The heat thus computed should be taken as the total heat of all 
the different parts of the engine, including donkey feed-pump, 
steam-jackets, independent air-pumps, and any other accessory 
apparatus. These accessories being a necessary part of the engine 
equipment, the same economy should be employed in their con- 
struction as in that of the engine itself, and the heat they require 
ought to be comprised in the total heat consumed by the engine. 

The heat-unit having been determined on, the next point is the 
consideration of the work done. Here there are two factors ; A, 

2 F 2 
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the nninber of lbs. of water ptimped ; and B, the height in feet to 
which it is raised. 

A. The water may be measured in three ways : — (1) Into a reser- 
voir ; (2) over a weir ; (3) by calculation from the pumps. The first 
two methods have the disadvantage of being costly, and difficult to 
apply in most cases. The Author therefore considers the third as 
by far the most practicable, viz., that of computing the plunger 
displacement. Due allowance must of course be made for leakage 
from the plunger and the valves. Care must also be taken to cal- 
culate the loss from the return of water through the valves at the 
end of the stroke, and from the introduction of air. 

B. The lift in feet should be reckoned from gauges placed on 
the pressure and suction sides of the pump. There are now, for 
the standard mode of expressing the amount of work done, the 
weight of water computed from plunger displacement, corrected 
for leakage and the presence of air as j:>ointed out, elevated to a 
height corresponding to the pressure shown by a gauge attached to 
the force-main, plus the head corresponding to the vacuum shown 
by a gauge attached to the suction-main (or minus this head if 
the gauge shows pressure instead of vacuum), plus the vertical 
distance between the centres of the two gauges, no allowance being 
made for friction of the water passing through the passages and 
valves in the pump. 

In accordance with the views of the subject thus laid down, 
the duty of all engines would be expressed by the following 
formula : — 

n . Foot-lbs, work done _ [C x [H -f 8 -b 701,000,000 

^ units of heat consumed ^ ’ ’ units of heat consumed 

V = volume of piston displacement, one stroke, cubic feet. 

to = weight of a cubic foot of water. 

N = number of strokes during the trial. 

H = head in feet corresponding to the indication of the pres- 
sure-gauge (force-main). 

h = head in feet corresponding to the indication of the 
vacuum-gauge (suction-main). 

[This is a minus quantity where there is a head of water 
on the suction-main, and a pressure-gauge is used.] 

B = vertical distance in feet between the centres of the two 
gauges. 

L = total leakage of the plungers diiring trial, estimated from 
results of the leakage-test with the pump at rest. 

C = correction for air admitted into the pump = proportion 
of the stroke during which the pump is subjected to 
the full discharge pressure measured from the indicator 
diagram. 
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The Author proceeds to illustrate the foregoing remarks hy 
three examples, two with jacketed compound engines, and one 
with a jacketed compound direct-acting duplex engine. 

The adoption of the proposed method of displacement measure- 
ment of the quantity of water pumped does not stand in the 
way of actual measurement by a weir, or by other means where 
opportunity presents itself for such work. No objection can 
be raised to a contract which requires a weir-test to be made, 
for the more this class of data is obtained the better ; but 
this test can be regarded as furnishing supplementary data, 
the main results being referred to the standard of displacement 
measure. 

To cover the foregoing requirements in the framing of a con- 
tract, the guarantee as to the performance of a complete plant may 
be expressed in the following terms : The engine shall perform 
a duty equivalent to not less than (A) foot-lbs. of work for each 
one million thermal units of heat consumed, and the difference 
between the actual delivery by weir measurement and that cal- 
culated from plunger displacement shall not exceed (B) per cent. 
Furthermore the boiler shall supply one million thermal units of 
heat to the engine on a consumption of (C) lbs. of (I)) coal. The 
duty-trial is to bo conducted and the results are to bo computed in 
accordance with the standard method of conducting duty-trials, 
determined upon by (the authority named). If one contractor 
furnishes the engine, and another the boiler, separate guarantees 
will be made, the individual requirements being the same as in 
the case of the complete jjlant.” 

The Author next lays down a standard method of conducting duty- 
trials. He gives minute directions for carrying them out, and advo- 
cates the use of two tanks, one tank above the other, for measuring 
the feed-water. The boiler as well as the engine should bo tested. 
The trial should be made in accordance with the rules for a standard 
method recommended by the Committee on Boiler-Tests of the 
American Society of Mechanical Engineers. This method, briefly 
described, consists in starting the test with a new fire lighted with 
wood, the boiler being i)reviously heated to its normal working 
degree ; operating the boiler in accordance with tlio conditions 
determined upon ; weighing coal, ashes, and feed- water ; observing 
the draught, temperatures of the feed-w^ater and of the escaping 
gases, and such other data as may bo incidentally desired ; deter- 
mining the quantity of moisture in the coal and in tlie steam ; and 
at the close of the test hauling the fire, and deducting from the 
weight of coal fired whatever unburned coal is contained in the 
refuse withdrawn from the furnace, the quantity of water in the 
boiler, and the steam-pressure being the same as at the time of 
lighting the fire at the beginning of the test. 

The engine-test should continue at least ten hours. 

Observations of the length of stroke should be made every five 
minutes ; of the water-pressure gauges every fifteen minutes ; of 
the remaining instruments, such as steam- and vacuum-gauges. 
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thermometers in the pump- well, and in the feed-pipe, thermometers 
showing temperature of the engine, the boiler-room, and the outside 
air ; thermometers in the flue and in the steam-pipe, barometer, &c., 
every* half-hour ; indicator diagrams should be taken every half- 
hour from the steam-cylinders and water-cylinders. 

Indicator-pipes and connections used for the water-cylinders 
should be of ample size, and as far as possible free from bends : 
^inch pipes are preferred, and the indicators should be attached 
one at each end of the cylinder. It should be remembered that 
indicator-springs, which are correct under steam, are erroneous 
when used for cold water. When steam-springs are used, the 
amount of error should be determined, if calculations are made of 
the indicated work done in the water-cylinders. 

B. D., Jun. 


Godillofs Stejp’-Grate Furnace for Burning Poo7* Fuels, 

By — Brull. 

(Bulletin de la Soci^t^ d’Encouragement, June 1889, p. 289.) 

Mr. Godillot’s furnace is designed for utilizing inferior fuels, as, 
for instance, saw-dust, wood-chips, refuse of sugar-houses, flax 
refuse, wet tan, chips of dye-wo^s, and refuse bark of oak and 
chestnut tree used for the extraction of tan. Several of these com- 
bustibles contain upwards of 60 per cent, of water. 

The system is shown in its application to an ordinary French 
boiler. The furnace is constructed in front of the boiler, below 
the level of the floor, in the manner of an ordinary gas-producer. 
But the novelties are two-fold. First, there is the grate, which is 
of the form of half of a frustum of a cone — semi-circular in plan — 
formed with semi-circular bars in step fashion, expanding from the 
top towards the bottom, like the steps of a semi-circular stair. 
The fuel is fed mechanically upon a small platform forming the 
summit of the grate, whence it falls spontaneously and distributes 
itself equally over the whole of the grate, landing on a horizontal 
surface at the bottom. 

The supply of fuel is continuous, and is effected by means of a 
cast-iron helix, which revolves at a low speed, at the base of a 
hopper containing the fuel. The core of the helix is conical, so 
that the capacity increases, and the helix clears itself freely, as the 
fuel advances towards the grate, whilst it receives fresh fuel over 
the whole of its length. The fuel is first dried, then heated, then 
inflamed, for which purpose air is supplied between the bars of the 
grate at all levels. 

From the results of two days’ trials with two French steam- 
boilers, having each 1,075 square feet of heating surface, the 
Allowing particulars are given : — 
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Duration of Trial 


Wet cliips consumed lbs. 

Loss of weight after sixty hours’ drying . . . per cent. 

Water contained in the chips lbs. 

Weight of the chips dried 

Feed-water consumed 

Temperature of water Fahr. 

Water evaporated per lb. of chips, wet . • . lbs. 

„ „ » dried . . . „ 

Wet chips consumed per square foot of heating- 1 

surface per hour j ” 

Weight of steam per square foot of heating-sur-l 

face per hour ) ” 

Average temperature of the burnt gases loavingi 
the boilers / 


Eleven 

Hours. 

Twelve 

Hours 

12,153 

31,963 

62*8 

623 

7,350 

19,910 

4,803 

12,053 

18,348 

47,478 

77° -5 


3 19 

3*19 

8*45 

8*45 

0*51 

1*23 

0*74 

1-79 

243° 

243«= 


D. K. C. 


Water and its Cost, By — Kindermann. 

(Wochenschrift des iisterreichischen Ingenieur- und Architecten-Vercins, 

1889, pp. 16-1.) 

The above-named subject is discussed in this Paper mainly with 
reference to the requirements of Vienna, and it is pointed out 
that hitherto the determination of the quantity of water, to be 
provided for a town per head of population, has usually been 
deduced without reference to its cost and also without considering 
the purpose for which it is required, and this materially modifies 
the cost ; for example, while good and pure drinking-water may 
have a value approximating to that of mineral waters, that 
required for flushing closets and drains or watering streets, should 
be of the lowest price possible ; and wliilo on the one hand the 
quantity of drinking-water per head will vary very slightly, there 
is no maximum limit to the supply for watering streets or flushing 
drains — the more the better being a generally accepted rule. ^ 

For small towns an abundant supply may be readily available, 
and the consumi)tion therefore very large ; in this case the cost of 
the water will be reduced if the distance of the source of supply be 
small, and the same will apply to large towns wliich draw their 
water from neighbouring rivers or lakes ; but nevertheless the 
water may be too dear for certain industries which will then have 
to undertake their own arrangements for obtaining their water 
direct from the soil, and thus avoid compulsory prices as in Berlin. 

In Vienna the source of supply is the Ilochquello, and this vvater 
could only be delivered in the suburbs at a cost of about four tim^ 
that which is desired, or in other words, the quantity per head 
could only be one-fourth of that considered necessary, hence the 
importance of the question of cost. The system now in use in 
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Virana may be technically termed the single-distributing system, 
as it supplies only one quality of watefr for all purposes, as opposed 
to the double system which provides two different kinds of water. 
If the former system then be maintained throughout, any increase 
of water required must be drawn from the Hochquelle, or if this 
source be not sufficient, from other springs furnishing water of the 
same quality. Hence in this case the quality of the water is the 
main consideration, and its price a secondary one ; but if a double 
set of mains be laid, the additional supply required should be 
obtained at as cheap a rate as possible, and the naturally-filtered 
water of the Danube, that from the Wien Thai, the Fischa- 
Dagnitz, the Neustadt Steinfeld, and other similar sources, are 
mentioned as suitable for the purpose. If therefore the demand 
for drinking-water be limited to the Hochquelle, and service-water 
be obtained elsewhere, all possible requirements for the future 
will be met and the quality of the water will be maintained. 

The Author concludes his Paper by stating that in his opinion 
the future water-supply of Vienna and suburbs will best comply 
with the requirements of sanitation if a double set of pipes be 
laid down, which arrangement will on the one hand preserve the 
purity of the Hochquelle, and also meet any possible additional 
wants. Another desideratum is the speedy removal of excreta 
from the houses, for although Vienna has an excellent system of 
flushing the drains, water-closets are not compulsory, and there- 
fore the flushing system is incomplete. For this an abundance of 
water is absolutely necessary, which can only be provided by the 
second service-main. 

W. H. E. 


Wiener-Neustadt Water-Supply, 

(Wochenschrift des osterreichischen Iii£^cnuur- und Architekten-Veiems, 

1889, p. 248 ) 

The water is drawn from deep springs, and conveyed by a concrete 
tunnel or conduit 4*36 miles in length right across the Steinfeld 
plain (Ij mile south of Wiener-Neustadt). The tunnel is 9 ’8 feet 
wide in the clear, and of the same height up to the springing of its 
semi-circular top ; the floor or sill varies trom 49 to 92 leet below 
the surface of the ground, and is on an average over 13 feet below 
the deepest subsoil water-surface. The side-walls are about 4 feet 
thick, and the arch at the crown is 2 feet, and the walls are at 
intervals braced together by stiffening pieces 1 • 64 foot high, and 
3 • 28 feet wide, built on the floor of the tunnel. 

The fall from west to east is 3*28 feet in a length of 4*07 miles, 
and a similar fall is given ^o the eastern branch which is 763 yards 
long. The water is conveyed into a deep reservoir at Wiener- 
Keustadt, which is divided into two parts ; the discharge of 
water from the tunnel into the first division will be regulated by 
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slices, and from the first into the second by a weir or overfall in 
the partition-wall so arranged as to admit of a discharge of 
264 gallons per second, or 22,809,600 gallons a day. The dis- 
tributing main is 29 i miles long, and formed of cast-iron pipes of 
diameters varying up to 4-4 feet, and 2 inches thick, and will lead 
the water into a reservoir at Rosenberg, near Hietzing ; while a 
branch 2*8 miles long leads to a reservoir at Wiener burg; and 
the main reservoir, which will be fed from that at Rosenberg, is 
established at Neu-Gersthof. 

Branches to the villages along the line of the tunnel, and as far 
as Klosterneuburg, Floridsdorf, &c., are contemplated, which will 
convey the water by gravitation, but for higher-lying villages the 
water will be pumped up. 

The princi]ial high-pressure reservoir will be built at Schafberg, 
near Dornbach. The distributing-pipes will be 325 miles long ; the 
smallest pipe for conveying water by gravitation will bo about 
3 inches in diameter, and under pressure 4 inches, and the cost of 
water in these two cases will bo about Id. and l^d. per 100 gallons 
respectively. 

W. n. E. 


TJie Water- Supphj of Tohid. By Adolf Scuwakz. 

(Woclienschrift des iisterrcichischen Insjenieur- und Architekten-\'er(*ms, 1889, 

p. 259.) 

Tokid (formerly called Yedo), has a population of one million 
two hundred and ten thousand, and when first it was made the 
capital of the Empire tlie supply of drinking-water was bad in 
quality and deficient in quantity. To remedy this, a succession 
of projects have been carried out from time to time, the first of 
which, dating back as far as 1620, consisted in taking water from 
three lakes west of Tokid (situated at elevations of from 120 feet 
to 140 feet above sea-level^, and leading it in wooden j)ipes to the 
central quarters of the city, Koishi-Kawa, Kanda, and parts of 
Niphon Bashi, the quantity so supplied amounting to nearly 
17,000,000 gallons daily. 

The second project was carried out in 1652 by damming up 
the river Tamagawa, and leading the water in an open canad 
27 miles in length, to Yotsuya the western boundary of the city, 
and thence supplying the populous quarters in the south and 
west with nearly 24,000,000 gallons per diem. Tlie level of the 
water at the take-off is about 400 feet above the sea, and the 
canal follows the course of the valley for its whole length to 
avoid heavy earthworks, and varies in breadth from 21 feet to 
29^ feet. By these two projects a sufficient supply is provided for 
four hundred thousand people. A third scheme was opened out in 
1882, under which the water was taken from the Tamagawa canal 
and led to the northern quarters of the city Kioshi-Kama and 
Hongo, the daily supply being 1,330,000 gallons. 
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The distributing pipes generally are of wood, formed from hollow 
tranks of trees if under 6 inches in diameter, but if larger the 
section is rectangular with thickness varying from inches to 
6 inches. To resist great pressure, the pipes are hooped with iron, 
and water-tight joints are made with tree bark. Stone conduits 
are also used, and the lengths of wood and stone respectively are 
100 miles and 4.^ miles. 

Where there is a sudden and great change in level or direction, 
a reservoir-cistern is built with sides varying from 2^ feet to 
6 feet in length according to the section of the discharging pipes, 
and these reservoirs also serve to measure the quantity and test 
the quality of the water. 

The water is not led direct to the houses, but to wells, and of 
these there are 7,765, of which 2,935 belong to the Tamagawa, and 
3,704 to the Kanda scheme. 

Nearly the whole population of ninety thousand on the left bank 
of the Sumida river is supplied with water from neighbouring 
rivers and the surplus of the three schemes above described, the 
amount so supplied being 77,000 gallons daily, but this quantity 
is supplemented by numerous common and artesian wells. 

W. H. E. 


The Injlmnce of Ventilation on the Micro-Organisms in 
Suspension in the Atmosphere. By Dr. Kichard Stern. 

(Zeitschrift fiir Hygiene, 1889, p. 44.) 

Notwithstanding the numerous investigations that have been 
made to determine the numbers of germs present in the air of 
dwellings, and the effects of disinfectants ujion such germs in 
sick rooms, &c,, the Author states that no attempts have hitherto 
been made to ascertain how far it is possible, by means of ordinary 
ventilation, to expel the micro-organisms from an enclosed space, 
and to disinfect the air by this simple means. To endeavour to 
elucidate this question, the Author, on the suggestion of Professor 
Fliigge, undertook a series of experiments at the Breslau Hygienic 
Institute. These experiments were directed to ascertain further 
the effect of steam upon germs floating in the atmosphere, and to 
test how far it might be possible, by means of air-currents due to 
ventilation, to remove germs from floors, carpets, and clothing. 
The room used for the tests was situated on the third floor of the 
house ; it had two doors and two windows, and contained 85 • 41 
cubic metres. The arrangements made to seal the openings and to 
admit and exhaust the air are described, and the mode of 
generating the air-currents by gas-jets and water-sprays is 
explained ; the maximum yield of the ventilation was 2,250 cubic 
metres per hour, equivalent to a renewal of the air in the room 
twenty-seven times, but the currents could be controlled and 
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rednoed to any extent. Experiments were made with very fine 
dust, specially prepared, and obtained from schools and factories; 
this dust was impregnated with the spores of the Bacillm 
megatherium^ because this bacterium, on account of its unusual 
size, can readily be distinguished from others under the microscope. 
Other experiments were made with the spores of Aspergillus niger 
alone. The dust was disseminated through the chamber by means 
of a spray-producer and a Japanese fan. The spores were collected 
on a sand filter on the plan proposed by Petri, and cultivated on 
a mixture of agar-agar and gelatine. Tables of the various results 
are appended, and the Author sums up the experience gained aa 
follows : 

(1) In still air the germs sink rapidly to the ground ; when 
school-room dust is used, the atmosphere, oven in the course of 
one hour and a half, becomes nearly germ-free. When still finer 
particles are used (such as the finest wool-fibre, rag-dust, and 
mildew spores), a longer time is of course required. 

(2) With ordinary ventilation, corresponding to a renewal of the 
air from once to thrice in the hour, the air does not apparently 
become free from germs more rapidly than it would do by simple 
deposition alone (there is one slight exception in the case of a 
descending current in the winter time). 

(3) A more rapid rate of air-renewal, but such as is scarcely 
practicable without giving rise to draughts, gradually increases 
the influence of the ventilation on the suspended germs. The 
lowest limit at which such an effect begins to take i)laco would 
seem, from the experiments, to be such a rate as would renew the 
air from six times to seven times in the hour. 

(4) A rapid and complete removal of the germs from the 
atmosphere of dwellings can only be effected by a violent draught. 

(5) No considerable number of germs can be detached from the 
surface of floors, carpets, furniture, clotliing, &c., even by causing 
the room to be traversed by strong draughts. 

(6) The generation of steam does not effect the speedy and 
complete deposition of suspended germs, and it only hastens the 
same to a slight extent. 

a. E. E. 


The Physical Action of Precipitants upon Micro-Organisms 
present in Water, By Bruno Kruger, of Jena. 

(Zeitschrift fdr Hygiene, 1889, p. 86.) 

The fact that the germs, believed to be the active agents in 
producing certain diseases, are capable of existing for some time in 
water has caused the bacteriological examination of rivers, strums, 
and lakes to assume new interest and importance, more especially, 
too, because it is from these sources that the water-supply of 
numerous towns is derived. Investigations have shown tlmt more 
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carbonio acid had been generated in the space to be tested, the 
evolution of the gas was stopped, and subsequently, and also 
after a given time had elapsed, the volumes of the gas present in 
the air were determined; in the other, a supply of the gas of 
known volume was evolved continuously, and this factor was used 
as a basis of comparison with the other ascertained analytical data. 
This latter plan was the one used by the Author, but he made 
certain changes in the process which he explains by the aid of a 
diagram. The chief point was the employment of the fluid, com- 
pressed carbonic acid gas, now everywhere procurable, as the 
source of supply. Full details are given of the tests and of the 
results obtain^. The Author states that the current price of 
the liquid gas in Berlin is but 1 mark per kilogram (5 • 4d. per lb.). 

G. E. E. 


The Disinfecting Properties of Creosote. 

By Dr. Gael Fbankel, of Berlin. 

(Zeitschrift fUr Hygiene, 1889, p. 521.) 

Laplace had first shown that the disinfecting power of solutions of 
corrosive sublimate and phenol is very considerably increased by 
the addition of acid, and he demonstrated the fact that the so- 
called 25 per cent, carbolic acid, which is inert and comparatively 
useless for disinfecting purposes owing to its insolubility, is, when 
treated with sulphuric acid, converted into a powerful disinfectant, 
soluble in water and watery fluids. The Author had occasion to 
repeat the experiments of Laplace, and used for this purpose a mix- 
ture of equal weights of raw (25 per cent.) carbolic acid and pure 
concentrated sulphuric acid, slowly added to one another with due 
precautions, to avoid excessive heating. In first making the mixture, 
without these precautions, great heat was evolved, but when care 
waa taken to cool the vessel, and to add the sulphuric acid slowly, 
a sulpho-carbolic acid was produced, which was tested separately 
to that which had become heated. Both samples were tested as 
5, 4, 2, and 1 per cent, solutions, and, for the purpose of com- 
parison, similar solutions of pure crystallized phenol and of con- 
centrated sulphuric acid were examined in a similar way. The 
test-objects wore anthrax spores dried on to silk thieads, and the 
cultures took place at blood-heat in prepared bouillon. The results 
are set forth in a Table, and show the marked superiority of the 
mixture prepared cold to that which was allowed to become heated. 
The general results differ in many respects from those obtained 
by Laplace, and the Author considers that this may be due to the 
nature of the anthrax spores used, for it is now known that certain 
varieties of these spores have much greater powers of resistance 
than others ; and a mode of testing the powers of endurance of 
such spores is proposed, namely, by the period they can resist a 
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B cent, solution of pure crystallized phenol. Those spores 
which can survive a twenty to forty days’ exposure to such a 
solution to be classed as “ highly resisting ” ; those withstanding 
an exposure of from ten to twenty days as “ moderately resisting ” ; 
and those destroyed in less than ten days as “ weakly resisting ’’ 
spores. The reason of the superior action of the cold preparation 
of the acid mixture is discussed, and is considered to be due to 
certain highly poisonous compounds described by the Author. 

a. E. E. 


Experiments on the Practical Disinfection of Excrementitious 
Svhstances. By Dr. S. von Gerl6czy, of Pcsth, 

(Deutsche Vierteljahrsschrift fiir oiTentliche Gesundheitspflege, 1889, p. 433.) 

These experiments were carried out in the course of the past 
year at the Pesth Hygienic Institute, in order to test the real 
values of the various substances employed as disinfectants, con- 
cerning which much difference of opinion had been expressed. The 
Author divided the matters to be disinfected and deodorized into 
five groups, viz.: — (1) Night-soil from cess-pits; (2) liquids 
from sewers ; (8) solid contents of street gulleys ; (4) dry road- 
scrapings ; and (5), fresh excreta of patients suffering from acute 
diarrhoea and typhoid fever. The disinfectants used were: — 
corrosive sublimate ; (2) iron sulphate ; (3) zinc sulphate ; 
?4) copper sulphate (for comparison) ; (5) crystallized carbolic acid ; 
(6) raw carbolic acid (two descriptions of which are obtainable — 
that employed by the Author, known as 50 to 60 per cent, solution, 
actually contained 18-7 per cent, of carbolic acid); (7) carbolized 
lime, commercially known as 5 per cent., but yielding on analysis 
2-1875 grams of carbolic acid per 100 grams; (8) creolin; (9) 
a-oxynaphtoic acid. On the score of their extreme cheapness, the 
Author used also: (10) raw concentrated sulphuric acid; (II) 
freshly slaked lime; (12) boiling water; (13) hot and cold 
solutions of wood-ash lye (specific gravity of the lye 1*037, equiva- 
lent to 4 per cent, of carbonate of potash) ; (14) solution of 
common salt, containing 26*1 per cent, of salt. Specimens of the 
disinfected materials were withdrawn on a platinum needle, and 
introduced into warm fluid peptone-gelatin. The cultivation took 
place both at ordinary temperatures, and also at a temperature of 
from 35° to 37° Centigrade. 

The specimens were examined at intervals of twenty-four 
hours, forty-eight hours, and from three to four days after treat- 
ment. 

Group I. Night-soil. — Samples for experiment were obtained from 
a night-soil-removal contractor; 100 grams were xd^-ced in a glass 
vessel, and treated with weighed quantities of each of the disinfec- 
tants enumerated, in various proportions. The results are set forth 
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in detail, and they show that a practical disinfection of nighfr-soil 
is all but impossible, as even 2*5 per cent, of corrosive sublimate 
is insufficient to render it germ-free ; this quantity would entail 
a cost of 150 gulden per cubic metre (£9 11a. Id. per cubic yard). 
Complete sterilization resulted from the use of a 4 per cent, 
solution of copper sulphate, and it would appear from this that with 
this material, 1 cubic metre of night-soil could be disinfected at a 
cost of 12 gulden (£1). For the purpose of deodorization, the use 
of raw carbolic acid may be regarded as successful. 

Group II. Sewage-water. — Was treated with the foregoing disin- 
fectants in a similar way, full details of the experiments being 
given. Here again the Author draws attention to the extraordinary 
value of copper sulphate; a solution of 1 per mille sufficed to 
destroy all germs, and rendered the liquid clear and inodorous. 

Group III. Sludge from gulleys . — The series of experiments 
recorded shows the extreme difficulty of disinfecting thoroughly 
this substance. For deodorization, carbolized lime in moderate 
quantities sufficed, but the Author recommends the use of raw 
carbolic acid diluted to 1 per mille. 

Group IV. Street-sweepings^ dc. — Owing to the last cholera out- 
break in Pesth, the authorities ordered that carbolized lime should 
be freely used in the dwelling-houses, and they caused it to be 
strewn along the roads, against walls, under doors, and over gulley- 
holes. The Author therefore carried out special experiments to 
test the value of this treatment, and to ascertain how far it might 
be possible to practically disinfect road- sweepings. Treated with 
the foregoing disinfectants it became manifest that complete dis- 
infection was out of the question. Even where thoroughly soaked 
with solutions of corrosive sublimate, copper sulphate, &c., the 
road-dust was far from sterile ; nor did experiments with respect 
to the strewing of carbolized lime yield satisfactory results. The 
advantages of this mode of disinfection are illusory. 

Group V. Disinfection of excreta. — In certain cases it becomes of 
the utmost importance to thoroughly and rapidly sterilize the 
dejections of patients. The excreta used for these experiments 
were in all cases diluted with three times their weight of water. 
All the various disinfectants were tried in different proportions, 
and the results of the experiments are recorded. The conclusions 
arrived at by the Author are : that a strong solution of copper 
sulphate should be used, at least 1 gram of the disinfectant being 
added to 100 cubic centimetres of excreta ; but still better results 
arise from the employment of thrice their weight of boiling lye 
(2 parts of water to 1 part of wood-ashes). Milk of lime (1 part 
of slaked lime in 20 parts of water), used in the proportion of ^ 
to tV weight of the excreta, likewise disinfects cheaply 

and well. 


G. E. E. 
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The Dessendier Recording Photometer. By A. Palaz. 

(La Lumifere ^llectrique, voL xxxiii. 1889, p. 407, 3 woodcuts.) 

The Anilior states that this instrument fills a long-felt want in 
photometry. It depends for its action upon the principle that if a 
mixture of equal volumes of hydrogen and chlorine be kept in the 
dark no change takes place ; but when exposed to light the gases 
combine to form hydrochloric acid, and this can be absorbed by a 
solution which will rise in height and occupy the space vacated by 
the gases. As the quantity of hydrochloric acid formed is pro- 
portional to the quantity of light received, a scale can be made ; 
but it is first necessary to find the relation which holds between 
the effect of light upon the mixture of gases and that upon the 
retina, as the eye is the ultimate judge of the light. This relation 
is difficult to determine with accuracy, as the effect upon the retina 
depends to a large extent upon the colour of the light as well as 
upon its intensity, and if the eye be dispensed with as judge, the 
simplest method would be to use a selenium cell, and to measure 
the variations of current in its circuit which are produced by 
variations in the intensity of the light being experimented upon. 

The instrument is composed of a vertical glass tube for holding 
the gases, which are obtained by electrolysis of hydrochloric acid 
of a density 1,148 ; the tube is closed at the top, and provided with 
a cock at the bottom, having a passage as large as the interior of 
the tube ; the cock, as well as a tubular prolongation below, is 
made of black glass. Above the cock is an exposing chamber, 
through which the gas-tube passes, and which is fixed to a support, 
and has its sides and bottom blackened, and a transparent cover. 
An iron tube, with closed end, covers the gas-tube and passes 
through a screwed stuffing-box in the top of the chamber. When 
screwed right down, no light can reach the gas ; but, as the iron 
tube is screwed up, a ring of the gas-tube is left free to the action 
of any light upon the transparent cover of the exposing-chamber. 
The covering-tube then remains stationary. The gas- tube, with 
the cock and black tube, which is filled with a solution for 
absorbing the hydrochloric acid gas as it combines under the 
action of the light, has a chain attached to it which passes oyer 
certain pulleys, and has fixed to it a j^ointor and the pencil which 
draws the record upon a sheet of pai)er fixed in the ordinary way 
to a cylinder moved by clock-work. Attached to the bottom of the 
vertical black tube is a flexible pipe containing mercury, and bent 
in the form of the letter U for the purj^ose of maintaining a constant 
pressure on the gas and liquid in the vertical tube ; into the 
unattached end of the mercury-tube drops a small rod, which, when 
in contact with the mercury, closes the circuit for a small battery 
working an electro-magnet, which brakes one of the pulleys round 
which the chain passes. In beginning an experiment, care must 
be taken not to use a bright light, lest an explosion of the gases 

[the INST. C.E. VOL. xcvni.] 2 a 
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shoiild take place ; when the light acts on the exposed ring of the 
gas-tnbe, the gases combine, the absorbing liquid rises to take up 
the space, the mercury in the free end of the flexible tube falls, 
the battery circuit is broken, the brake ceases to retain the pifllejr, 
and the weight of the ■v’ertical tube containing the gas and liquid 
causes it to descend, drawing the chain down and raising the 
recording pencil ; the mercury again rises in the flexible tube, the 
battery circuit is completed, the brake applied, and the motion 
ceases; the gas-tube is again exposed for the same distance as 
before, and the action proceeds. The instrument may be exposed 
to strong sunlight with safety ; and, of course, the stronger the 
light, the more quickly do the mechanical movements succeed each 
omer. The Author considers that it will be necessary to find the 
law according to which the results vary for light emitted by the 
sun, gas, incandescent and arc lamps, as they will be very different ; 
but, if the instrument be previously standardized, very valuable 
data may be obtained, and it should be of much service in meteor- 
ology for recording variations in sunlight during the day. 

£!• It. D. 


Railway from CianoSanta Ana to 8o$o del Rey. 

(Analea de la Construccion y de la Industria, Madrid, 1888, p. 157.) 

Tho Asturian coal-fields are among the most extensive in Europe. 
They attracted much attention nearly half a century ago, and the 
first railway constructed in Spain was built at that period with the 
object of giving an outlet to the Atlantic Coast at Gijon to that 
portion of the field, 100,000 acres in extent, which is situated on 
the banks of the Eiver Nalon, at Sama de Langreo and Ciano-Santa 
Ana ; besides which a turnpike road conducts from Sama to Oviedo, 
the capital of the Province of Asturias. The railway was in- 
differently well constructed, "with a comparatively narrow gauge, 
and two inclined planes worked by stationary engines ; but a large 
amount of capital was attracted to the district, iron-works and 
other industries were established, and for many years Langreo 
was very prosperous. 

Meanwhile, further to the south, on the banks of the River 
Mieres (which runs into the Nalon at Soto del Bey), at the town of 
Mieres and at La Pola de Lena, English and French capitalists 
acquired equally valuable coal-mines, and also erected iron and 
steel and other works. These existed for many years without any 
railway communication, but when the trunk line which connects 
the Asturian seaports of Aviles and Gijon, through Oviedo, with 
Leon and Castile, across the elevated pass of Pajares was finally 
laid out about fifteen years ago, the direction given to it was down 
the Mieres valley, and Langreo was left out in the cold. 

The result has been that there has been a very serious diminu- 
tion in tho metallurgical production, other industries languish. 



Abfltxaois.] BAILWAT FBOM OIANO-SAOTA AKA TO SOTO BEL BEY. 451 

large mimbers of men are thrown ont of work, and many of the 
mines have been closed. The Langreo district produces annually 

300.000 tons of coal, 15,000 tons of iron, 25,000 tons of timber 

20.000 tons of agricultural, and 15,000 tons of other kinds of traffic ; 
3,200 men are employed in the coal mines, 1,350 in the iron-works^ 
and 1,870 in other industries; and the Anale% publishes appeals 
to the Government from numerous local authorities urging the 
necessity^ of a subvention being granted towards the construction 
of the railway from Ciano-Santa Ana to Soto del Rey, which would 
connect this important industrial centre with the trunk line, and 
give an outlet for its produce to the interior of the country, 
as well as to the capital of the province, and to the seaport of 
Aviles. 

O. C. D. E. 


Railway from Zafra to Huelva. 

(Anales de la Construccion y de la Industria, Madrid, 1888, p. 329.) 

Under the heading of “IIow railways ought to be worked,** 
attention is called to this line, which has been constructed with 
English capital, and which was opened to traffic a few months ago, 
by the owners of the very extensive Eio Tinto copper mines. Besides 
connecting these mines with the Port of Huelva, it extends in the 
opposite direction to the centre of the corn-producing province of 
Estremadura, at Zafra, where it connects with other railways 
leading to Lisbon and to Madrid. It is described as a remarkable 
undertaking, worthy of imitation by all railway companies in 
Spain, where it has rarely been understood that the interests of 
the companies and of the districts traversed by their railways 
should always be considered to be, and are, in fact, identical. 

The railway is one of the most costly yet constructed in the 
country, for the average expenditure over the whole length of 
112 miles has been at the rate of £17,600 per mile. The heavy 
cuttings were almost exclusively in rock ; there are 3^ miles of 
tunnel, many viaducts, and the ironwork of the bridges alone cost 
£80,000. But, nevertheless, the company at once reduced the 
tariff to one-half of that which was permitted by the terms of the 
concession, which is also one-half of the ordinary tariff now 
charged on other Spanish railways. The Estremadura farmers 
had frequently no sale for their superabundant com, and this 
railway not only allows them to export it to the coast and to the 
Levant, but the company has built large warehouses at Huelva 
whore they are permitted to store it, receiving warrants from the 
company upon which the farmers obtain advances ; and, moreover, 
the railway company has put on a line of steamers to the Levant, 
and undertakes, for half the i)rice previously charged, to convey 
all agricultural produce from the hands of the Estremadura 
farmers to those of the Levantine purchaser. This is regarded as 
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quite a revolution in tlie mode of treatment that Spanish producers 
had hitherto received from the railway companies, and as a system 
which inculcates a most useful lesson. The railway company 
undertakes in the same way to foster all other local industries. 

O. C. D. E. 


The Kaijping-Tientsin Railway in China. By Adolf Schwarz. 

(Wochenschrift dea ^sterreichischen Ingenieur- und Architekten^Vereins, 1889, 

p. 239.) 

The first, and at present the only railway in China, is tho 

P roperty of an English Company ; it was commenced in 1880 at 
laiping, and constructed for a length of 7 miles in order to reach 
the local coal-pits ; seven years later it was extended to Lutai, 
and in 1888 through Tongku to Tientsin, the whole length of the 
line being about 95 miles. 

The rails are of the Vignoles type, weighing 64 lbs. per yard, 
and are fished and fastened to the sleepers in the usual way. Tlie 
line is single throughout, and the gauge is 4 feet 8^ inches. The 
engines have two coupled wheels and a four-wheeled truck or 
bogie, and were made in England. 

The mixed trains are thus made up : Next the engine is a long 
second-class carriage divided by a longitudinal partition into two 
comjpartments, with seats along the partition and sides of the 
carriage, and is for the use of the Chinese trades-people ; following 
this is an open truck, with seats all round for work-people, goods, 
provisions, &c. ; then very comfortable and even luxurious first- 
class carriages furnished on the American plan, and finally goods 
carriages, &o. The engine-drivers are English, the other servants 
natives. 

After Tongku the following are the most important stations, 
viz. : Lutai, Tongfong, Suko Chinang, with goods-sheds, repairing- 
shras, &c., and Tongshan the terminus near Kaiping. 

The average speed is about 19 miles an hour, and at present 
this will not be exceeded, but when the line is thoroughly esta- 
blished this will be increased to 30 miles or more. 

The fare is very moderate, a first-class ticket for the whole 
distance costing only 5«. 2d. ; the line is much used, and is very 
popular with the Chinese, and there is considerable traffic in 
coals, bricks, pottery, &c., and the line pays well. At first the 
Company had to contend against great difficulties and prejudices, 
but the people now are beginning to appreciate the great advan- 
tages of this means of travelling, and it is expected that when 
the line is extended 70 miles further to Pekin no further diffi- 
culties will be met with. 


W. H. E. 
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Projected International Railway through the Centre of the 
Pyrenean Range^ By J. M. Dalman. 

^Anales de la Construccion y de la Industria, Madrid, 1888, pp. 337 et seq,) 

The only existing railway communication between France and 
Spain is at the two extremities of the Pyrenees, connecting Bayonne 
with Irun at the western, and Perpignan with Gerona at the eastern, 
^nd of the range. The intervening distance is about 280 miles, 
in which the extreme elevation of the mountain passes and other 
obstacles to railway construction are so great, that hitherto it has 
been impossible to raise the requisite amount of capital for that 
purpose. 

An intermediate line has been often advocated, known as the 
G^nfranc route, which would connect Saragossa with Pau, on the 
Toulouse and Bayonne Bailway. This line runs northwards from 
Saragossa through Huesca, the capital of Upper Arragon, Ayerbe, 
and Jaca, and crosses the summit at the Pass of Somport, wnich is 
within a short distance of the much-frequented baths of Pantioosa. 
Huesca being already connected by a railway 46 miles in length 
with Saragossa, there would remain about 140 miles to be 
constructed, 90 on the Spanish and 50 on the French side of the 
frontier. The project has received the sanction and support of the 
Spanish Government, and its realization would be assisted by a 
large subvention ; but the Author contends that, in addition to its 
groat cost, it is otherwise inexpedient to give it the preference, for 
the line has been laid out with maximum gradients on both sides 
of the frontier of 1 in 28, and with minimum curve radii of 
166 yards, besides requiring a tunnel through the summit, which 
on the Spanish side is 4,350 feet, and on the French side only 
3,61 G feet above the sea-level, with a descending gradient of 1 in 
30 tliroughout its whole length of 7,333 yards ; while for nine 
months in the year the entrance to this tunnel would be liable to 
obstructions from the snow. Owing to the poverty of the districts 
traversed by it, this railway would have a very meagre local 
traffic. 

Several other routes have been proposed further to the east, 
among which there are two alternative linos which start from 
Lerida, midway between Saragossa and Barcelona. The first of 
these, known as the Central Pyrenean line, follows the banks of 
the Itiver Noguera Rivagorzana, and, crossing the summit at a 
height of 5,333 feet, near Puente del Bey, was intended to join the 
Toulouse-Tarbes Railway at Chaume. Concessions were granted, 

' both by the Spanish and French Governments, and a pretence was 
made by a company of commencing the works; but after more 
than one extension of time had been granted and allowed by the 
company to expire, no progress having been made, the concessions 
were annulled. 

The other project, which starts from Lerida, and would also 
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terminate at Chaume or Saint Girons, is known as the Pallaresa 
line, owing to its following the course of the river of that name, 
vid Tremp and Esterri. The studies have not been yet completed, 
but they already show that this rente is beset by innumerable 
obstacles. The summit is no less than 6,166 feet above sea-level, 
nadients of 1 in 28, and curves of 166 yards radius, have had to 
be introduced, and there would be many cuttings in clay of a 
dan^rously unstable and unsafe description. 

The Author describes several other projects only to reject them 
as impracticable, and gives the decided preference to a line which, 
starting from the city of Monzon, 35 miles west of Eerida, would 
pass by Fonz, Barbastro, and the baths of Estadilla, all in the 
valley of the Eiver Cinca, and then take a north-easterly direction 
along the course of the Eiver Essera, through such important towns 
as Graus and Campo. It would traverse an extensive coal-field at 
Castejon de Sos, and reach the French frontier at Venasque, which 
is only 63 miles distant from Monzon, and 7^ miles from Bagneres 
de Luchon, with railway communication thence to the rest of 
France. 

The summit would be pierced at Venasque by a tunnel which, 
on the Spanish side, would be 4,083 feet, and, on the French side, 
3,817 feet above the sea; the maximum gradient on the line is 1 
in 40, and the minimum curve-radius 333 yards, on a very limited 
number of curves. The route is described as one which would 
provide abundant local traffic, the lower part of the valleys being 
rich in agricultural, and the uj>per part in mineral and metal- 
liferous, produce. Estimates of the local and general traffic are 
given, and it is stated that, besides being already in direct railway 
communication eastwards with Barcelona, and other important 
Catalonian towns, and in the opposite direction with Saragossa, 
Madrid, &c., a railway is proposed from Monzon southwards to the 
excellent port of Los Alfaques, at the mouth of the Eiver Ebro, 
in which event this railway from Bagneres de Luchon through the 
Pass of Venasque to Monzon would become the shortest route, not 
alone from Paris to Saragossa and Madrid, but also from Paris to 
Valencia and to the French colony of Oran, as is apparent from 
the tables which accompany the Author’s interesting and com- 
prehensive Paper. 

O. C. D. E. 


Consumption of Railway Sleepers in France. BylH. Matuieu. 

^Rerue genurale des Chemins de fer, July 1889, p. 3.) 

Eeferring to a previous article on the consumption of transverse 
wood sleepers on railways in France,^ in which the Author 
investigated the returns for the years 1878 to, and inclusive of, 

* Minutes of Proceedings Inst. C.E., vol. xci. p. 485. 



Abstracts.] CONSUMPTION OP EAILWA.Y SLEBPEKS IN PRANCE. 455 


1886, he directs attention to the returns for the years 1887 and 
1888. 

The total length of single way for the six leading railways, with 
the State Eailways of France, amounts to 92 per cent, of the total 
length of single way in France ; and the general deductions for this 
proportion are taken as applicable to the entire railway system for 
purposes of calculation. 

The hnal results of comparison are given in the subjoined 
Table : — 


Year. 

Number of Sleepers 
Consumed on all 
the Railways of 
France. 

Total Length j 

Number of Sleepers 
Consumed per 
Mile of 

Single Way, 

Of Railways. | 

Of Single Way. 


Sleeiiors. 

Miles. 

Miles. 

1 Sleepers. 

1887 

2,405,538 

21,114 

29,256 

' 82*2 

1 

1888 

2,521,270 j 

21,643 

29,914 

1 84*3 


The consumption of sleepers for maintenance in previous years, 
down to 1888, has been as follows : — 

Sleepers per Mile 
l)er Year. 


1878 to 1882 148*1 

1883 170*7 

1884 142*7 

1885 111*0 

188G 87*8 

1887 82*2 

1888 84*3 


The remarkable and steady reduction of the number of sleepers 
annually for maintenance is attributable to the increased care 
taken by the companies, to the new methods adopted for the 
replacement of sleepers, to the creosoting of the sleepers of all 
kinds of wood, to better fastenings, to the selection of good 
ballast, and finally, to the augmented weight and strength of the 
rails. 

The total numbers of sleepers consumed for maintenance and'for 
construction of new lines, in France, were as follow ; — 

Maintenance. Construction. 'rotal. 

1887 2,405,538 1,452,094 3,857,632 

1888 2,521,270 1,280,030 3,801,300 

The sleepers were, for the most part, of oak ; next, in order of 
quantity, were sleepers of beech and of fir. Of these, about 
93^ per cent, were supplied from the forests of France ; the 
remainder were imported. 

Metal transverse sleepers are still on their trial on the State 
Railways. There are 45,000 metal sleepers of all kinds. 

D. K. C. 
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ON THE ETTBATION 07 STEEL BAILS. 


[Foreiga 


On the Duration of Steel Rails. By — Couakd. 

(Rev’ue g^n^rale des Chemlns de fer, July 1889, p. 13.) 

Beferring to a previous communication,^ Mr. Couard continues 
the investigation, with a view to determining the duration of 
steel rails. From a consideration of the results of German 

S ractice, published by the Verein, for the period 1879—84, he 
educes the following law: The diminution of height of steel 
rails, after the passage of a certain number of trains, is pro- 
portional; (1) to the average tonnage of the trains; (^2) to their 
average speed; (3) to the deflection of the rails between the 
supports; (4) to a coefficient varying with the place of manu- 
facture; (5) to the inclines, greater on the descending than on 
the ascending inclines. This law is expressed by the formula — 


XT 

^ — T V ^ 


N = number of trains corresponding to a diminution of 
1 millimetre of height of head of rails ; 

T = average weight of train, in tonnes ; 

V = average speed of trains in kilometres per hour ; 

I = moment of inertia of section, calculated in centimetres ; 

L = distance apart of sleepers, in metres ; 

I) = inclination, in millimetres per metre ; 

a = coefficient, equal to 0 • 023 for descending inclines, and 
to 0*012 for ascending inclines ; 

C = coefficient for place of manufacture. 

By comparison with the results of wear on the Paris and Lyons 
Eailway, it appears that the French rails are twice as resistant to 
regular wear as the German rails. The difference is attributable 
entirely to the nature of the steel of which the rails consist ; the 
German steel is the milder — the less carburetted steel deflecting 
more than the French steel — and wears faster under the rolling 
friction. 

It appears that the wear of steel rails is ten times as much under 
sliding friction as under rolling friction. 

It is shown that the passage of from 160,000 to 200,000 trains is 
required to wear down the head of the rails weighing 86 lbs. per 
yard, to the extent of 1 millimetre of height, the rails being carried 
on sleepers not more than 2 • 62 feet apart. To extend the regular 
wear to 16 millimetres (0*69 inch), under trains at the rate of 
10,000 per year, would require a period of from one hundred and 
fifty to two hundred years. This calculation shows why the rails 


^ Minutes of Proceedings Inst. C.F., vol. Ixxxvi. p. 407. 
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replaced beoanse of regular wear are collected almost exclusively 
from tunnels, stations, and steep inclines. 

Numerous tables of the results of investigations, with diagrams 
of wear of the rails from different causes, are given in the Paper. 

In conclusion, it is argued that a steel rail will last longer the 
less the deflection between the sleepers, and that hard steel is 
preferable to mild steel. Heavy rails are recommended. For 
ballast, gravel or broken stone is preferable to sand. 

D. K. C. 


The New JRail of the Paris, Lyons, and Mediterranean Raihvay, 

By J. Michel. 

(Rerue g^n^rale des Chemins de fer, June 1889, p. 372.) 

This railway company, in 1868, when the use of steel as a 
material for rails was introduced, adopted a flange rail of steel, 
weighing 78*62 lbs. per yard, 5*12 inches wide, and 5*12 inches 
high ; width of head, 2 * 36 inches, with flat vertical flanks. This 
profile has been substantially adhered to for twenty years, but six 
years ago the depth of the head of the rail was augmented by 
1 centimetre (0 • 39 inoh\ as a provision against the special wear 
caused by brakes on inclines and near stations, and oxidation in 
long or insufficiently ventilated tunnels. The rail thus reinforced 
weighed 87 * 70 lbs. per yard. It was rolled to lengths of 
39*36 feet (12 metres), in place of half this length, as there- 
tofore. And, in view of the increase of weight on axles that had 
taken place in the course of twenty years, to the extent of 10 per 
cent., it appeared desirable to augment the width of the head by 
one-tenth, making a width of 2 * 60 inches. It was decided also to 
augment the thickness of the flange by 1 millimetre, to allow for 
the observed wear that took place in the course of years. The 
head of the rail, also, has been augmented 11 millimetres in 
thickness. 

In this way the new rail was matured. The total height is 
5 * 69 inches ; the head is 2*60 inches wide ; the base is, as before, 
6*12 inches wide; and the rail weighs 94*76 lbs. per yard. The 
upper or rolling surface of the rail is as nearly as possible of the 
form of surface acquired by wear after several years of service. It 
is curvilineal, to a radius of about 12 inches. The sectional area 
of the rail is about 9*34 square inches, and the material is so 
distributed that the centre of gravity of the section is exactly at 
the middle of the height of the rail, thus equalizing the working 
of the material, and utilizing all the resistance of which the 
section is susceptible, in whatever direction flexure may take 
place. 

The article is concluded by a table of various types of steel 
rails — ^French, Belgian, Dutch, English, and American. It is 
shown that the width of the head varies from 2*66 inches in 



468 NEW BAIL OP PABIS AND MEDITBBBANBAN BAILWAY. [Foreign 


America, to 2 • 83 inclies in Belgium. The augmentation of width 
here shown affords space for increased bearing of fish-plates. 

The augmentation of width of head involves a corresponding 
contraction of gauge, or clear width, between the rails ; and, in 
effect, the gauge of the way will be 66 * 860 incheslinstead of 67 • 086 
inches. 

D. K. C. 


The Use of Flangeless Wheels in the Middle of 
Six- Wheel Trucks. 

[National Car and LocomotiTe Builder, Chicago, 1889, p. 115.) 

Mr. W. A. Scott, late assistant-superintendent of motive power 
of the Chicago and North-Western Kailway, has experimented on 
fiangeless wheels for the six-wheel trucks used under passenger- 
cars with encouraging results, the probable outcome being a six- 
wheel truck that will effect a great saving of tires, while materially 
reducing the resistance offered by the present truck. The in- 
vestigations have resulted in a design of axle-box in combination 
with one set of wheels with flangeless tires, which has been 
patented. Trucks with a special box and fiangeless wheels have 
been running on the Chicago and North Western, and Chicago, St. 
Paul, Minneapolis, and Omaha Kailroads for several years with 
great saving to the companies. 

The economy of this truck is considerable, as where steel tires 
are used at a cost of $30 to $40 per tire, the entire cost on six- 
wheel trucks is reduced by one-third. When the leading wheels 
of a truck become flange- worn to an extent that would make it 
essential to scrape them, all that is now necessary is to take that 
pair of wheels and turn the flange entirely off ; this leaves the tread 
from 1 inch to If inch thick, and enables the same tire to be 
used flangeless in the centre of the truck for a mileage that will 
exceed that which was formerly obtained with the flanges on. 
Tires are being constantly turned down in order to get good flanges ; 
frequently three-eighths of the tread are removed for no other 
puiyose than to furnish a suitable flange. Often with a tread 
1 1 inch thick, the tire must be turned down | inch to get a suitable 
flange and fillet, thus rendering the tire useless, as 1 inch thickness 
of tread is the minimum for safety with most roads. In such case 
the Scott truck allows of such a tire being turned off smooth to 
probably inch thick and flangeless. Such a pair of wheels can 
be put into the middle of the truck, where it will wear for 400,000 
or 600,000 miles, thus saving that much mileage to the company, 
for the tire would under flange conditions be useless. 

A car with flangeless centre wheels requires less motive power 
to haul it, as on curves it does not in any sense bind. This has 
been illustrated by placing a coach with two six-wheel trucks, all 
wheels flanged, on a certain curve, when it took thirty-two men to 
push the truck 160 feet. A coach of the same class and weight 
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with six-wheel trucks, with flangeles6 wheels in the centre, was next 
selected, when nineteen men pushed it the same distance over 
the same track as easily as the thirty-two men did the other coach. 
Again, in times of snow, there are on each car four flanges less to be 
clogged inside the rail, making the hauling of the car 30 per cent, 
easier. Finally, the wear on the side of the rail is largely reduced, 
especially on curves, by the use of this truck, as there is one-third 
less flange-bearing to each car ; which, of course, wears the rail in 
the swaying of the train much less than if all the wheels had 
flanges. 

F. G. D. 

Experiments with the New QuicTc-Acting Westinghouse Brake on 
the Baden State Railway. By — Emmerich. 

(VerhaAdlnngen des Vereins filr Eisenbahnkunde in Berlin, 1889, p. 60, 2 woodcuts.) 

The Author first notes the fact that in 1886 tests were made in 
the United States of continuous brakes for goods trains, which 
were hardly satisfactory, and also that in 1887 comparative tests 
were carried out there upon the Carpenter, Card, Westinghouse, 
and Eames brakes, of which the first two were operated by 
electricity alone, while the other two used an electric current only 
as an auxiliary to the ordinary method of working. The report 
of the Committee who carried out these tests was to the effect that 
the best brake for long goods trains was one worked by air- 
pressure or vacuum, and in which an electric current was used to 
actuate the valves. The Author then proceeds to describe the 
new quick-acting Westinghouse brake, and to give the following 
account of comparative tests made with it, and with the older form 
of the same brake, upon a straight horizontal piece of line near 
Philippsheim, on the Baden State Bailway ; the starting point was 
marked by a flag, while there, and at distances of 200 and 400 
yards before this point, a fog-signal was placed upon the rail for 
the purpose of noting the speed of the train. Time, distance 
travelled, air-pressure, and speed were all measured in the last 
wagon, which was connected by telephone to the locomotive, and 
the arrangements were specially made for the purpose by Mr. 
Kapteyn. 

The trains used for the experiments were made up entirely of 
wagons fitted with air-brakes, and were five in number. Three 
trains of eighteen wagons, each fitted with (a) the ordinary Westing- 
house brake and pipes of 1 inch diameter ; (6) the quick-acting 
Westinghouse brake and pipes of 1 inch diameter ; (c) the quick- 
acting Westinghouse brake and pipes of 1 J iijoh diameter. ^2) A 
train of thirty wagons, fitted with the quick-acting Westingnouse 
brake and pipes of 1 J inch diameter. (3) A train of fifty wagons, 
fitted with the quick-acting Westinghouse brake and pipes of 1 J inch 
diameter. The trains of eighteen wagons were about 182 yards long, 
that of thirty wagons was about 294 yards, and that of fifty wagons 
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about 624 yards long. At a speed of 43 *4 miles per hour, and air- 
pressure of 62 • 5 lbs. in the cylinder of the last wagon, the distance 
travelled after application of the brake was for trains No 1. 
(a) "223 yards, (6) 201 yards, (c) 216 yards; the action of the 
brake began in the last wagon after f second ; the duration 

of braking was 17f, 17, 18J seconds, and reached its full effect after 
seconds respectively. No. 2 train similarly gave 
for distance 228 yards, and No. 3 gave 230 yards. The Author draws 
particular attention to the small difference made by the length of 
the train, eighteen wagons being pulled up in 216 yards, and fifty 
wagons in 230 yards, and draws the conclusion that electricity 
is not necessary for obtaining a uniform braking-force, as by this 
new arrangement the action is sufficiently speedy with less com- 
plication. He then proceeds to discuss the reasons for and against 
the equipment of goods trains with continuous brakes, and notes 
the fact that in braking the train of thirty wagons the shock 
was barely perceptible, while in that of fifty wagons couplings 
were twice broken. E. E. D. 


KoyVa Parabolic Semaphore. 

(Jourml of the Franklin Institute, August 1889, p. 81.) 

The Committee on Science and the Arts, of the Franklin 
Institute, have reported on the system of railroad signalling 
devised by Professor C. Herschel Koyl. The arm of the semaphore 
is not flat, as usually constructed, but is approximately parabolic 
in plan, and is partly covered with glass, slightly corrugated, in 
order to scatter the light reflected from its surface. The arm itself 
is from 7 inches to 11 inches in width, and is painted bright red, 
with the exception of the medial band of corrugated silver glass, 
which is 4 inches wide. It can be seen during the day in a 
horizontal position as clearly as the ordinary flat semaphore arm. 
But the parabolic surface is illuminated at night by a lamp placed 
at the focus of the paraboloid. The lamp is protected on the plane 
of the horizontal arm by red glass, and shows a strong red band 
upon the line of the way, and for a considerable distance on each 
side of the way, so as to be visible to the man on the engine when 
approaching the signal on a curve of the road. The lower part of 
the lantern used to illuminate is made of clear glass ; and the 
arm, when dropped to, say, an angle of 45°, passes from the red 
rays of the transmitted light, and is made to reflect the direct light 
of the lamp, so presenting a strong contrast to the red signal of 
danger visible when the arm is in a horizontal position. When, 
during the day, the arm has fallen to the position of safety, the 
g;laxe from the strip of glass, lighted by the sky only, causes the 
signal to be more striking than the arm in common use. 

The parabolic semaphore is found to be specially useful in the 
neighbourhood of cities, where lights are numerous ; in wooded or 
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hilly oountries, with dark back-grounds ; and near curves. During 
winter, dry snow never lodges on the blade ; wet snow and frozen 
snow are found to be themselves excellent reflectors. 

The communication is illustrated by photo-lithographs. 

D. K. C. 


The Tramways of Madrid. 

(Anales de la Construccion y de la Industria,* Madrid, 1888, p. 62.) 

Notwithstanding the very uneven ground on which it is built, 
Madrid is traversed by tramways from one extremity to the other, 
with branches to most of the suburbs. The first line was con- 
structed in 1871, from the fine suburb of Salamanca, which skirts 
the fashionable Prado, through the chief streets of the city, the 
Calle de Alcala, and the central square, called the Puerta del Sol, 
to beyond the Poyal Palace at the other extremity. The several 
routes are altogether 24 miles in extent, and for two-thirds of this 
distance the line is a double one. Terminal stations, ooach-houses, 
stables, and repairing shops have been built on a handsome scale, 
and the stock consists of two hundred and twenty comfortable cars, 
and one thousand three hundred and ninety-six mules and horses. 
Upwards of one thousand men are employed in the service of the 
companies. 

O. C. D. E. 


ShalloW’-Draught Screw-Steamer. 

(Industrie Moderne, 1889, p. 171, one woodcut.) 

The article describes a screw-steamer of small draught of water, 
built by Mr. Oriolle, of Nantes. The vessel is intended for river 
service. She is 65 feet in length, 11 feet 3 inches in beam, 2 feet 
1 J inch in depth, and draws barely 10 inches of water. She is pro- 
pelled by means of a four-bladed screw, 2 feet 9 J inches in diameter, 
and 3 feet 11 inches pitch. This screw is placed in a tunnel 
hollowed out in the bottom of the vessel, the crown of which rises 
considerably above the water-level in order to give room for the 
propeller, which does not project below the bottom of the boat. 
The forward and after-ends of the tunnel dip down below the 
water-level, and when the air is exhausted by means of a pump, 
the screw is completely immersed. 

The speed attained on the measured mile was 8*15 knots per 
hour, with a boiler-pressure of 70 lbs. per square inch and 300 
revolutions per minute. The engine developed 40 indicated HP. 
It is stated that, with a boiler-pressure of 130 to 140 lbs. per 
square inch, and with 450 to 500 revolutions per minute, it would 
be possible to obtain a speed of 10 to 11 knots. 


S. W. B. 
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“ Turret Barbette” on the Canet System for \2'Q-Ineh Chins. 

(Le G^nie Civil, vol. xv. 1889, p. 316, 1 illustration.) 

The article describes the system of gun-mounting devised by 
Mr. G. A. Canet, Assoc. M. Inst. C.E., which is a combination of 
turret and barbette. 

It has been adopted as the mounting for the 12* 6-inch guns in 
three coast-defence vessels building for the Japanese Government. 
The guns and mountings are made by the Societe des Forges et 
Chantiers. 

The Canet steel ^n has a length equal to 40 calibres, and 
weighs 66 tons. It has no trunnions, but is strapped down to the 
slide by hoops passing round it. The weight of the projectile is 
992 lbs., and of the charge 617 lbs. The muzzle velocity is 
2,300 feet per second, and the shot will penetrate, at the muzzle, 
an iron plate feet thick, or a steel plate of 24 feet. The 
maximum range is 12^ miles, with an elevation of 30 . It is said 
to be the most powerful gun of its size in existence. 

The gun fires over a fixed barbette, protected by 12-inch steel 
armour-plate. Within the barbette is a central tube for the 
passage of the ammunition, extending downwards from the base 
of the barbette to the armoured deck below. This tube is about 
10 inches thick. The internal diameter of the barbette is 23 feet 
6 inches. The gun-slide is mounted upon a turn-table, which 
carries also hydraulic apparatus for elevating and depressing the 
gun. Attached to the base of the turn-table, and working within 
the armoured tube before mentioned, is an inner tube or trunk, 
the lower end of which opens into the magazine, which is 
immediately below the barbette. 

The ammunition hoists are inside this inner tube, and turn with 
it. The rack for revolving the turn-table and gun is placed round 
the lower end of this inner tube, which protrudes below the 
armoured deck, and the hydraulic turning-engine gears directly on 
to it. 

The charge is in two parts, which, together with the projectile, 
are transported in carriages to the mouth of the shaft. They 
are there placed in a carrier, which revolves, as before explained, 
with the gun. The carrier ascends the tube on guides, and, on 
reaching the barbette, these guides are bent out in such a way as 
to transport the carrier with the charge immediately under the 
breech of the gun. When the breech is opened, the carrier is 
raised into line with the gun, and it can then be revolved by hand, 
so that the projectile and the two halves of the charge are presented 
in turn to the gun, into which they are thrust by a hydraulic 
rammer, which is above the top of the parapet. The stroke of the 
rammer is so adjusted, after each operation, that the projectile and 
the two cases of powder are just pushed into their proper place, 
and iniurious compression of the powder is thereby avoided. 
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Above the top of tbe parapet, and attached to the tnm-table, is 
what is called a turret. It is composed of plates about 5 inches 
thick, and protects the breech of the gun, the loading apparatus, 
and the man directing the gun. The base of this turret at the 
rear projects about 3 feet beyond the edge of the parapet, in order 
to cover the hydraulic rammer. The “ turret ” revolves with the 
gun, which fights through a port in it. 

All the movements are performed by hydraulic apparatus, 
working at a water-pressure of 1,200 lbs. per square inch. 

S. W. B. 


An Exposition of the Mode in which Water is Affected hy a Body 

Moving in it. 

By Chief Engineer B. F. Isherwood, TJ.S. Navy. 

(Journal of the American Society of Naval Engineers, vol. i. p. 97.) 

In his account of the “ Progressive Trials of the Steam Barge of 
the Commandant of the New York Navy Yard,” the Author gave 
an explanation, from observations made by himself, of the phe- 
nomenon of “squatting,” or the change of trim which a vessel 
experiences when its speed surpasses a certain limit (variable for 
each vessel). In the discussion which ensued upon that Paper 
several objections were urged to the Author’s theory by Past 
Assistant-engineer Mattice. In the present article the Author 
enlarges upon his former theory, and replies to these objections. 
He demurs from Mr. Mattice’s statement “ that a vessel might be 
made with an after-body of sufficient length and of proper form 
to allow the cavity at the stern, caused by the forward motion of 
the vessel, to be filled with sufficient rapidity by the inflowing 
water ; but that ‘ squatting ’ might still result from the hollow of 
the bow or displacement wave occurring somewhere along the 
after-part of the vessel, and that, when the hollow of the bow 
wave coincided with the hollow caused by a full after-body, the 
* squatting’ would be a maximum.” He attributes “squatting” 
solely to the incomplete filling of the cavity at the stem, from 
the speed of the vessel being too great to allow the water to flow 
in with sufficient rapidity. Comparing the bow or displacement 
waves with the waves caused by paddle-wheels, he concludes that 
the bow-waves are too shallow to account for “ squatting ” ; and 
besides that the depression at the stern is between the extended 
sides and the immediate wake of the vessel, while the hollows of 
the bow-undulations are exterior to the extended sides. So far 
from Mr. Mattice’s deductions as to the influence of length of vessel 
upon squatting ” being true, the length of the vessel appears to be, 
if not the only factor, certainly the principal one in determining 
the speed at which “ squatting ” commences. 
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The Author denies the existence of a following wave, and 
maintains that the water rises vertically from the horizontal plane 
of the rabbet of the keel into the cavity at the stem, and does 
not flow in horizontally or from the sides. The vis viva of the 
ascending column of water carries it above the surface, and it then 
flows out in all directions over the surrounding plane. It is only 
where there is an insufficiency of water beneath the keel of the 
vessel that any water flows in horizontally or from the sides. There 
is thus a purely surface-current in all directions from the capital 
of the ascending column, and that portion of this surface-current 
which flows towards the vessel it is which is erroneously called 
a following wave, and which accounts for such phenomena as the 
towing of a small boat with a slack tow-rope behind a vessel going 
slowly, &c. The Author draws illustrations and confirmation from 
the effects produced by paddles upon the water, and also from the 
screws of vessels secured to the dock while their engines are 
working. He digresses to show the reason for the increase in the 
efficiehcy of paddles in a head wind or sea, and the corresponding 
decrease in the efficiency of the screw. One great cause is the 
change of angle of inclination which takes place in a screw-shaft, 
and the consequent alteration in the angle of thrust, while with 
paddle-wheels the thrust always remains horizontal. This effect 
is increased by “ squatting.*’ 

Eetuming to the direction of influx of the water at the stem, 
the Author discusses its bearing upon the correct formation for the 
after-body of a vessel. He gives the results of his observations 
of the flow of water past the piers of a bridge over a quickly- 
flowing stream ; and from these he argues the impossibility of a 
negative slip, and concludes by regretting that the information 
should be so doubtful and incomplete regarding the only instances 
of negative slip of which he is aware, namely, those which are 
given in the Admiralty reports of the speed and power trials of 
British war-vessels. 

D. S. C. 


Experiments on the Removal of Mine Gas hy Exhaustion, 
By H. Brenner. 

(Zeitschrifb fur das Berg- Hiitten- und Salinenwesen, 1889, p. 70.) 


At the King’s mine at Grevenberg, near Aachen, a series of 
experiments was carried on between the years 1866 and 1888 by 
the late manager, Mr. D. Hilt, having for their object the direct 
removal of the gas given off by the coal by means of an exhauster. 
The seam on which the trial was made varies from 6 to 6]^ feet 
in thickness with a dip to the south varying from 20° to 60°. 
The coal is got in pillar work, the pillars 50 feet high (measured 
to the rise) being separated by levels of 16^ feet, which are 
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furtlier divided by a middle wall made of stone partings and 
small coal into two roads of 6^ feet each, an arrangement that 
allows the air to be carried well into the front of the heading. 

The ventilation of the mine is considered to be very good, from 
100 to 140 cubic feet per minute of fresh air being provided for 
each of the fifty-five to sixty men working in the district under 
consideration. 

The removal of the gas was effected by a disused compresser 
which, by an alteration of the valves, was made to do duty as an 
exhauster. The cylinder was 471 millimetres in diameter, with a 
stroke of 936 millimetres, giving a capacity 0*16 cubic metre per 
stroke, which, at 15 revolutions per minute, corresponded to 6,912 
cubic metres (244,000 cubic feet) per twenty-four hours. From 
the engine a main pipe of 3 J inches diameter was carried down the 
pit and for a distance of about 1,300 yards, when secondary pipes* 
of 2 inches were placed for about 300 yards in the main levels. 
Finally smaller pipes, of 1-inch bore and terminated by plate 
suction-roses, wore extended into the front of the headings, and 
kept to the top of the level by clamps attached to the timbering. 
The roses were at first made of tin-plate perforated with fine holes 
on both sides, but these were found to admit too much air on the 
under side, especially in a weak gas current, so that ultimately the 
under side was closed and the perforations on the top surface were 
correspondingly enlarged. In places where the dip of the seam 
was comparatively low, the roses were made of a long rectangular 
form and covered with wire gauze like that used in safety-lamps. 
Vacuum-gauges were inserted at different points in the tubes to 
measure the effective rate of exhaustion. This, during the period of 
the principal experiments in February to May, 1887, varied from 
235 millimetres water column near the pit bottom to 40 millimetres 
at the end of the main pipe of 1,330 yards and 30 millimetres at 
the end of the secondary main. In the inch pipe it varied from 25 
millimetres to 2 millimetres at the most distant suction-rose, which 
was about 325 yards away. For a short time a Korting steam-jet 
exhauster was tried, but it did not prove equal to the work, the 
depression at the measuring station !No. 2 being only 10 milli- 
metres, instead of 40 millimetres realized by the pump. The flow 
of the exhausted gases was regulated by a double-bell gasholder, 
so arranged that while one bell was being filled the other was 
delivering. This, however, did not work satisfactorily and was 
abandoned, the gases being forced directly by the pump into the 
delivery-pipe. Several small gasometers were used for collecting 
gas for experimental purposes and testing, the latter being done 
every twelve hours. 

The experiments as a whole proved a decided failure, on account 
of the fluctuation in the composition of the gas, which sometimes 
contained as much as 10 per cent, of firedamp and sometimes none, 
the variations taking place without any apparent cause. 

The continued attention required in extending and varying the 
position and area of the suction passages was also very considerable, 

[the INST. C.E. VOL. XCVUI.] 2 H 
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and sncli as to cause considerable hindrance in the levels when 
the driving was actively carried on. 

The gas was applied to the firing of two boilers, a row of jets 
being introduced below the firebars from a tube which was con- 
nected with the main by a safety U tube scaled with water, and at 
all the joints of the pipes wire-gauze diaphragms similar to those 
used in safety-lamps were inserted. 

The boilers were experimented on for some time, but neither a 
more active evaporation nor any saving in fuel was obtained. 
The gas was also tried with tbe magnesia comb burner of 
Fahnjehelm, but only the lower third of the bars could be brought 
to the proper degree of incandescence. The third suggested appli- 
cation of the gas, namely, for driving gas-engines, was not tried. 

H. B. 


Report upon the Coal Deposits in the Indwe Basin and Storniherg 
Range of Mountains. (51 i>p and 5 plates.') 

By W. GtALLOWAY, Mining Engineer. 

This is a report drawn up for the Commissioner of Crown Lands 
and Public Works, Cape of Good Hope, for the jmrjiose of deciding : 
(a) The extent of the coal deposit ; QA the quality of the coal with 
reference to first-class English coal ; (c) the best moans of working 
the coal, and an estimate of the value of the property. Further, in 
framing the estimate, consideration to be given to : (a) the distance 
of the mines from any existing railway ; (6) the limited demand 
for coal ; (c) the comi)etitlon of other mines ; (d) the competition 
of English coal ; (e) the value of the fuel for marine purposes. 

Geographically, the South African Coal-field embraces parts of 
Cape Colony, Orange Free State, Transvaal, Natal, and the whole 
of Basutoland, tlie greatest length and breadth being 500 and 
200 miles respectively, and enclosing an area of 50,000 square 
miles, in which coal has only been worked in the extreme edges at 
far distances apart in the Stormbergen llange near Molteno, at 
Indwe in Natal, and in the Transvaal. 

STRATIGRAPniCAL RELATIONS of tllC COAL-RFARING ZONE. 

Approximate thickness 

Volcanic rocks. 

Cavo sandstone. Buff grey sandstone 300 

Rod beds Red and purple sandstones and shales . . 1 , 500 

Coal-measures. Coarse gr('y quart/oso grits and con-1 ^ qqq 
glomerates ; a few thin shales and clay stone . . / ’ 

Karroo Fine grained, soft white, buff red, purple and | 

mottled beds of sandstones and shales, ’with a slights 5,000 
tendency to spheroidal weathering ) 


' The original is in the Library of the Inst. C.E. 
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The whole of the grotind is seamed through with dolorite in the 
form of dykes and horizontal sheets. The districts examined 
were : — 

I. Gnhenxa Tsomo. Five seams described, from 18 inches to 
27 inches thick. 

II. Indwe. Here occurs the most important seam, the Indwe 
seam, the only seam workable, in a plain formed by the Guba and 
Doom Eivers, where they fall into the Indwe. The dip of the 
seam is from 1° to 2"^ from south to north. Dykes of dolorite 
traverse the seam in every direction. At seventeen various points, 
where the Indwe seam has been exj)osed and worked, the coal 
varies from 5 feet 7 inches to 1 foot 8 inches in thickness, with a 
specific gravity of 1 • 43 to 1*61. The Author gives detailed sections 
of the seam, from which it appears that numerous thin coal and 
shale bands are intimately intermixed. At the Indwe mine, the 
most important mine, the height of the workings is 6 foot 1 0 inches 
with 3 feet 8 inches of good coal and 8^ inches of inferior coal. 
The area worked is 4 acres, producing nearly 5,080 tons of coal 
per acre. The system of working is a kind of long wall. The roof 
is sandstone. The seam is undercut in shale near the roof, and 
the bottom and top coal blasted by Kafir colliers. A little water 
is made. Quantity of coal in the Indwe field : the Author assumes 
an average thickness of 3 feet 8 inches, and a sjiecific gravity of 
1*4, an available quantity of 4,000 colonial tons per acre, which, 
over an area of 118 square miles, gives 302,000,000 tons of coal. 


Analyses by Dr. IIahn. 


^ Thickness. 

1 ; 

Spocifle 

(irravit^. 

Volatile 

1 Constituents. 

Coke. 

Ash. 

Top scam . 

1 Inches- 

. . 11 

1*26 

j I’cr cent. 

19-57 

Per cent. 

80-43 

1 Per cent. 
11*08 

Middle ,, 

. . 25 

1*48 

15-32 

86*08 

28-87 

Bottom ,, 

1 

. n , 

1-4C 

1 

17-13 

82-87 

24*65 


Ultimate analysis by Dr. Hahn, carbon, G1’021; hydrogen, 
3 • 208 ; nitrogen, 2-190; sulphur, 0 • 434; oxygen, 2-178; ash, 30 - 32 ; 
coke, 75*26. Normally, the coal contains 30 per cent, of volatile 
constituents, 20 to 30 ]jer cent, of ash, and has a specific gravity 
of 1 - 4 to 1 - 5. The drawback of Indwe coal as a fuel is the large 
amount of ash, necessitating grates of large area, and mechanically 
moving firebars. Calorifically comx)ared, 1 ton of Welsh coal is 
equal to 1^ ton of Indwe coal. 

Table B gives an estimate of the annual saving of using Indwe 
coal over Welsh coal on most of the colonial railways, when the 
latter costs, per ton of 2,000 lbs. at Cape Town, £1 1 6s. 4d. ; Port 
Elizabeth, £2 4s. 4d. ; East Linden, £2 11s. 5d. ; and the former, at 
the mine, 5«., and at Imwani, 12«. 2d. per ton. If JJ. per ton 

2 II 2 
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per mile represents the actual cost of railway carriage of Indwe 
coal, then this coal cannot compete with Welsh coal at Cape Town ; 
to do this, the carriage would have to be reduced to per ton 
per mile. Average water evaporated per lb. of coal was found to 
be 6 • 62 lbs. in a locomotive. The Author gives his reasons for 
the fuel being unsuitable for marine purposes, and he estimates the 
cost of working at 5«. per ton in workings over 1,000 yards beyond 
the outcrop. It is unlikely that firedamp will be met with. The 
seam can be worked by adits from the outcrop, and drained by a 
water-surface rising 1 in 500 from the hillside, or shafts can be sunk 
500 to 600 feet deep. The Author then goes on to deal with the 
estimated cost of working the coal, proposed methods of opening 
out and working the seams, ventilation — by means of underground 
fans worked by electricity — haulage — by steam and later by 
electricity, the electricity to be generated by means of triple- 
expansion engines, with steam from steel Lancashire boilers at 
160 lbs. pressure — screening, breaking, and handpicking the coals, 
and an elaborate scheme for dealing with native labour assisted by 
European labour, and special laws to be made by the Government. 
The cost of establishing a colliery, with machinery requisite for 
raising 300 to 400 tons per day, is given in Appendix I, Appendix II 
containing results of trials of colonial coal on tlie eastern system 
of railways. 

III. Stormberg seam, a seam thinner and inferior to the Indwe 
seam, and which occupies the same geological horizon. 

The Author here deals with the question of the formation of 
South African coal-beds, which he supposes to be of subaqueous 
lacustrine origin. The prevailing dip of the Stormberg seams is 
3® in the direction 45® E. of N. The present number of mines is 
six; they are small, raising from 15 to 20 tons of coal per day. 
The coal varies from 2 feet 2J inches to 2 feet inches in thick- 
ness with a shale roof. 

Quantity of coal : the Author assumes an average thickness of 
1 foot 10 inches, a specific gravity of 1*4, available quantity, 
3,000 tons per acre, then 10 square miles gives 19,000,000 tons of 
coal. One ton of Welsh coal = 1’71 of Stromberg coal, and 
contains ash from 37 • 6 to 44*2 per cent. The Author assumes the 
cost of selling this coal at the pit’s mouth to be 10a. per ton. 

C. Z. B. 


Maliwun Tin Mines {Mergui District). 

Clndian Engineering, July 20, 1889, 1 jdate.) 

The Author describes a visit to the almost deserted tin mines of 
Mergui, near Kenaung, the well-known capital of one of the most 
flourishing tea districts of Siam. The veins of tin-sand are met 
with at the surface ; the sand is mined in open workings by shallow 
pits from 10 to 12 feet deep. Water-power is used to drain the 
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mines in a very primitive manner. Europeans are not allowed to 
descend the mines without some trouble. The sand is raised by 
ladders from the mines and washed, a cubic foot of quartz and sand 
yielding, after washing, half a teaspoonful of tin-sand. The 
miners are paid either by the month or by the amount of sand 
collected, their wages ranging from Rs. 10 to Rs. 15 to Rs. 25 per 
month. Rs. 7 per “khan** (a small basket equal to i^th of a 
bushel) are paid for sand collected. The two smelting furnaces 
are situated at Maliwun — a drawing of a furnace used is attached. 
The furnace is of an ingenious contrivance, and has an air-pump 
attached for blowing. The wages of the smelter varies from R. 1 
to Rs. 1—4 a day. The output per day is fifteen to sixteen blocks 
of tin of 106 lbs. each, fetching about Rs.60 at Penang. 

The Author compares this mining district, which is in a 
deplorable state, with the flourishing condition of the Renaung 
mines, worked by the Raja of Renaung with Chinese labour. The 
Raja has studied the wants and manners of the Chinese labourers ; 
he allows them gambling-houses, and opium is publicly sold. 

C. Z. B. 


Report on the Oil-Fields of Twingoimg and Beme^ Burma. 

By Fritz Noetlono, Ph.D. 

(Retords of the Geological Survey of Indin, 1880, p. 75.) 

These oil-fields, worked from wells sunk by the natives of the 
district, are situated about l^mile from tlie Irawaddy, in 29° 21' N. 
latitude and 94'' 56' F. longitude. From a map of the district, 
affixed to the report, it appears that the Twingoung wells, spread 
over an area of 90 acres, are about ^ mile distant from those of 
Berne, which cover 35 acres. 

While oil has beeiijuoduced from the Beine district for one hundred 
years back, and from Twingoung for seventy years, that region lying 
between these two districts has been, to the surprise of the Author, 
left intact ; and it is in this region that Messrs. Finlay Fleming 
and Co., who have obtained a lease of the district, have com- 
menced operations. The country is formed by a level plateau, 
having an average height of 260 feet above the low level of the 
Irawaddy, intersected by irregular ravines, running towards the 
river, with steep notched slopes, rendering cross-roads, in most 
localities, impossible. The geological formation of the district is 
believed to be that of the Upx)er Tertiary, of a not later age than 
the Miocene. A plate is furnished giving nineteen sections of the 
strata at Twingoung to varying dej>ths, uj) to 400 feet ; and from 
this, and other information given in the rei)ort, it may be gathered 
that, to a dei>th of 200 feet, there exist sandstones mixed with 
clay; at 200 feet there is a change to grey clunch, which con- 
tinues for 20 feet, after which there are beds of sandstone contain- 
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ing oil until a depth of 270 feet is reached ; at 300 feet is^ found 
a bed of soft sandstone, 65 feet thick, unequally charged with oil ; 
and below 365 feet is a conglomeratic sandstone, of light green 
colour, impregnated with oil. 

The upper group of these beds, reached at a depth of 220 feet, 
though containing a considerable quantity of oil, cannot bo con- 
sidered as the oil-bearing formation proper, as wells sunk to its 
depth never yield large quantities of oil. The lower group, reached 
at a depth of 300 feet, and, so far as is known, of a total thickness of 
180 feet, is saturated with oil. It is, however, divided up by 
layers, estimated at 50 feet thick, of clay and hard sandstones, 
leaving only 130 feet of really known oil-bearing sandstone. The 
strata form an anticline whose axis jjassos through the fields of 
Twingoung and Berne. Being therefore situated on the summit 
of the anticline, the oil is reached in their neighbourhood, at the 
minimum depth, the strata dipping on each side at a maximum 
angle of 35*^. It is estimated that, at ^ a mile on each side of 
the axis, a well of 3,000 feet depth would bo necessary to drain 
the oil-bearing strata ; and as this depth is as great as is likely to 
be practicable, a total width of 1 mile is given as that of the oil- 
field. Although, as a rule, at the greater dei)ths more abundant 
supplies of oil are obtained, this docs not invariably apply, as it 
has been found that wells sunk to the same level yield widely 
varying quantities. This somewhat perplexing occurrence has 
been explained by the existence of bands of clay which run through 
the strata, cutting off and partially isolating certain portions, so 
preventing their complete saturation with oil, or, on the other 
hand, forming reservoirs of other portions which retain the oil. 
Under these circumstances, no opinion can bo formed as to the 
depth at which the richest bods are to bo found ; though a general 
opinion is given that not less than 400 feet from the centre of 
the anticline is necessary to obtain good results. 

The physical and chemical constitution of the oil has not been 
examined by the Author. 

At Twingoung there have been sunk by the natives 375 wells 
in all, of which 166 are now unproductive and disused, 89 give 
intermittent and scanty Buj)plies, leaving 120 only in full work. 
At Berne the number of wells is 151, of which 57 are disused, 
22 partially productive, and 72 in full work. The greatest depth 
reached by the wells is 310 feet at Twingoung, and 270 feet 
at Berne. Of 236 wells actually measured, 3 only are more 
than 300 feet deep; 30 are from 250 to 300 feet deep; 111 are 
from 200 to 250 feet deep, and 92 are up to 200 feet deep. None 
of these have much more than reached the oil-bearing strata 
proper, while the conglomerate sandstone, richest in oil, known to 
be 100 feet thick, is untouched by them. 

Great difficulty has been experienced in obtaining data regarding 
the past production of oil from these wells, as no written record 
exists; but information was received regarding 144 wells, from 
which it is deduced that the minimum daily production at Twin- 



Lbstraots.] OIL-FIELDS OF TWINOODNa AND BEME. 


471 


^OTing is 20 tons,^ and at Berne, 6 tons ; or 26 tons in all. From 
;his it is calculated that there is produced from each full-working 
«v^ell an average of 400 lbs. daily, the wells of greater depth being, 
m the whole, the more productive. The gradual decrease in the 
amount of production from the wells is, as may be conjectured 
from their shallowness, well marked, though the data necessary 
to establish the precise rate of decline are by no means reliable. 
From figures obtained from sixteen wells, it appears that, after 
the first year of working, the production had declined 25 per cent. ; 
while during the fifteenth year the annual decrease was irregular 
but not more than 5 per cent, of the original output. 

Those oil-wells have been a source of great wealth to the 
natives, and on every side a feverish unceasing industry is apparent. 
But the labour is conducted without method and without the 
necessary persistence, and everywhere either overhasty or neglected 
work can be observed. The native appliances are of the most 
primitive character. The wells, 4 feet square, are excavated by 
means of an instrument consisting of a wooden handle with an 
iron shoe, a drawing of which is given on the plate attached ; the 
earth, and eventually the oil, being brought to the surface by means 
of a leather rope passing over a drum, the axis of which turns on 
rough, naturally-grown, forked supports. The cost to the natives 
of sinking a well 300 feet deep, calculated on the basis of well- 
established facts, is given as £210 ; the probable daily average out- 
put of oil from which is 584 lbs., or say 73 gallons. The crude oil 
sells, in the neighbourhood, at slightly less than Ic?. a gallon, and 
the production of such a well is worth 5s. Sd, per day, or £102 
per annum. 

The following is an instance of the profits made by the pro- 
prietors of such a well, the outlay being £210, and the expenditure 


for one year’s working ; — 

X. g, d, 

Loss, breakage, holidays, <fee 15 G 0 

Wages and other ucccbsaiy expc*nses . . . . 15 G 0 
Amortization in ten years, 10 iK*r cent, of cost . 21 6 0 

Total 51 12 0 

Value of oil produced 102 0 0 

Balance 50 8 0 


or equal to 23*6 per cent, on the capital, with amortization in ten 
years. 

While no increase in the production of oil need be expected from 
wells sunk by natives, owing to their inability to jiierce to a 
sufficient depth, it is confidently expected that large quantities 
of oil would be obtained from bores worked according to European 


' The conversion into English weights is calculated on the basis of 1 vises: 
3*65 lbs. as given in the report. 
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•style, and in sncli numbers as would thoroughly drain the^ strata. 
From such it is estimated that at least 80 tons per day might be 
raised in the Twingoung field alone ; while in the area, estimated 
at 66 acres, situated between the two existing oil-fields, on which 
Messrs. Finlay Fleming and Co. have commenced operations, it is 
judged that from two bores per acre, sunk to a depth of 400 feet, 
50 tons per day might be extracted. 

It may be safely concluded that the minimum production per 
square mile will be 500 tons per day ; and as there are included 
in the lease of Messrs. Finlay Fleming and Co. 16 square miles of 
valuable oil-bearing ground, at least 800 tons (s^c)^ of oil per day 
can be obtained from this. 

Owing, so far as is known, to the absence of pressure, the oil 
will in all likelihood require to be raised by means of pumps ; yet 
it is not improbable that flowing wells may be tapped by bores 
sunk at some distance from the centre of the anticline, and there- 
fore at such a depth as would prevent the escape of the confined 
subterranean gas. 

There is every reason to believe that the production of oil in 
this district will develop eventually into an important industry ; 
but wild ideas of competition with American or Hussian oils are to 
be deprecated. 

B. n. B. 


Magnetic-Iron-Ore Mountains of North Sweden and the Ural. 

By — VON SenwARZE. 

(Zeitschrift des Vereines deutsclier Ingenieurc, 1889, p. 783.) 

In this communication the Author gives a comparison between 
the Swedish and Uralian magnetic ore dejiosits, showing the points 
of similarity and contrasts. 

The most southerly of the Swedish deposits under consideration 
is that of Gellivara in 67® N. lat. Here the ore occurs in narrow 
ridges projecting from a gently sloj)ing high plateau. It is very 
highly magnetic, much mixed with apatite, and contains up to 
about 5 per cent, of red iron ore. It is considered to be the product 
of alteration of a i)hosj)horic hematite which has gradually become 
changed into magnetite, the phosphoric acid at the same time 
combining with lime to form crystallized apatite. This is con- 
sidered to be proved by the circumstance that both kinds of ore 
are equally phosphoric, while apatite is only apparent as such in 
the hematite. The Author, however, points out that in Southern 
Sweden the reverse conditions prevail, as for examj)le at Oranges- 
berg, where the siliceous hematite of the bottom of the deposit 


* While it is x) 08 Bible that the Author may not deem each of tho 16 square 
miles as capable of j ielding 500 tons per day, ho gi^ cs no data leading to any 
other conclusion ; therefore tho figure 800 is probably an error in calculation for 
8 , 000 . 
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contains only 0*10 per cent, of phosphorus, while the magnetite 
forming the upper portion contains 0*5 to 0*8 per cent, and even 
more. He thinks that some of the phosphorus may be present as 
wavellite (phosphate of alumina), which he has found in the Ural 
mines, but which does not appear to have been noticed by Swedish 
observers. 

The Gellivara ore varies from a little below 60 to above 70 per 
cent, ‘of iron, and in phosphorus from 0*1 to 1*7 per cent. ; it is 
almost free from sulphur and manganese, but in places contains 
titanium up to 2 per cent. The available quantity cannot be 
determined with certainty, as the relation of the ore to the red 
gneiss enclosing it has not been made out. In any case very large 
quantities may be got without undertaking any subterranean 
workings. 

More remarkable in character are the Kirrunavara and Luossavara 
Mountains in 68° N. lat., which are separated from each other by a 
small lake 890 metres broad. The former range rises in a bold 
ridge to a height of more than 200 metros above the plain, its 
longitudinal extension north and south being 4,150 metres. The 
ore is exposed in cliffs, often several hundred feet high, with a talus 
of sand and gravel, with fallen masses of ore at the base. The 
deposit has a slight easterly dip between walls of grey and red 
felsite porphyry, and is about 216 metres thick in the broadest part. 
It yields from 62 to 73j^ per cent, of pig-iron, and contains 0*04 
per cent, of phosphorus in the northern and southern parts, and 
1 ’3 per cent, in the middle. The extreme part contains 86,127,000 
tons, and that covered with gravel 174,331,700 tons above the 
level surface, and in depth it is considered likely to yield 1,610,000 
tons per metro of sinking. 

The Luossavara Mountain is similar in general cliaracter to that 
of Kirrunavara, but is of a loss imposing development, being 
smaller and conical in form. The exposed range of ore is com- 
puted to contain 27,666,000 tons, and the yield per metre in 
depth 239,000 tons, or considerably less than the neighbouring 
deposit. It is, however, very much purer, yielding 70 to 73 per 
cent, of pig-iron, wliile the phosphorus is reduced to 0 * 003 per cent. 
In both deposits, therefore, about 86,000,000 tons of ore of the 
highest Bessemer quality are available above the level of free 
drainage; but to bring them into the market, extensions of the 
Lulea-Ofoten lino, the only one at present available, will be 
required. 

The magnetic ore mountains of the Siberian Ural, unlike those 
of North Sweden, which are still unutilized, have been actively 
worked for more than one hundred and fifty years. The most 
important of these, the Blagodat (Hill of Benevolence), is situated 
at Kuschwa, a station on the Perm and Jekaterinenburg Kail way. 
It was discovered in 1730 by a man named Putschkin, who sold 
it to the Kussian Government for half-a-guinea, and was burnt 
alive by the Wogul aborigines, who feared that the introduction 
of mining works would, as it actually did, lead to their expulsion. 
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Tlie deposit, which was formerly much higher, rises to 600 feet 
above the Salva River. It is a very pure magnetite (65 per cent.) 
in porphyry, and is almost free from phosphorus. The pure 
ore is strongly magnetic and polar, several large bodies of such 
ore being seen surrounded by water, which, although quite clear, 
has a peculiar violet colour. The magnetite passes on the ex- 
terior into brown iron ore, and not into hematite as in Sweden. 
At the present time the working is not as active as formerly, it 
being limited to supplying three blast-furnaces at Kuschwa. The 
surveys and maps are very imperfect, so that there are not suffi- 
cient data for calculating the available amount of ore with any 
approach to accuracy, but there is no doubt that it is very con- 
siderable. 

The second great magnetite mass of the Ural is near Nischne 
Tagil, also on the same line of railway. This is longer and broader 
than that of Blagodat, but so far as regards the magnetic portion 
it is practically exhausted above the ground-level. It is very 
actively worked by Prince llemidoff for the supply of furnaces in 
the neighbourhood and at Jokaterinenburg. The bottom of the 
workings is now 200 feet below the surface, and the ore is drawn 
to the surface in carts by horses along spiral roads. More than two 
hundred horses are in use. The ore at the surface passes externally 
into brown ore, and into hematite in the deep workings ; the con- 
taining rock is diorite. The deposit is divided by a bed of mica 
schist 200 to 300 feet wide, which in i)laces carries a valuable 
proportion of coi)per ores and is largely worked. The iron ore 
contains 65 per cent, of iron and 0*05 per cent, of copper. A 
somewhat similar association of magnetite with copper over a mica 
schist is noticed as occurring at Soappavara near Luossovara. 

H. B. 


The Arroyo Seco Gravel {Gold) Mine. 

(Report of the State Mineralogist, California, 1888. Sacramento, 1880. P. 97.) 

This mine, situated about 3 miles north of lone, in Amador 
County, California, is worked by a method which is said not to 
have been previously used elsewhere. The claim is 2,700 feet 
long, with an average width of 1,700 feet of the valley of a dry creek, 
and contains a bed of auriferous gravel averaging 4 feet in thick- 
ness, which is covered by about 26 feet of barren gravel and loam. 
This cover is stripped by means of a grab dredger attached to a 
derrick, projecting from the end of a car running on a railway 
of 16 feet gauge. The car contains the boilers, and can be 
moved forward as the excavation proceeds. The excavating part 
has six triangular cutting segments, which close to a hemispherical 
bucket of about 2 cubic yards capacity. The closing of the 
grabs is effected by a steam cylinder, which acts directly upon the 
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segments by means of link rods. As soon as the bucket has 
reached the gravel, steam is admitted below the piston by a five- 
way valve, which causes it to rise and close the grabs. When 
lifted a further movement of the valve admits steam above the 
piston, and discharges the contents of the buckets, and by turning 
still further the exhaust-passage is opened and the steam escapes. 

The lift is effected by a stool-wire rope 1 inch in diameter, and 
a pair of 9 by 12-inch engines. The projecting boom of the derrick 
is made of Oregon pine 12 by 18 inches at the foot, 12 by 24 inches 
in the middle, and 12 by 12 inches at the top. It is 114 feet long, 
and rises 58 feet above the ground at the outer end. The effective 
lift of the derrick is about 45 feet above the ground. The lifting 
capacity is about 7 tons, but the load usually carried is about 
2 cubic yards, varying in total weight from 1,550 lbs. in mixed 
gravel and loam to 3,100 lbs. in clean gravel. The interval 
between the lifts varies from forty-five seconds to two minutes, 
according to the height of lift, and the distance swung. The 
total weight of the derrick car, including two boilers, and the 
lifting engines, is from 75 to 80 tons. The rails are laid upon 
heavy Oregon pine timbers of 12 by 10 inches section, the length 
of line in use being twice that covered by the derrick. As the 
latter advances the lino behind is taken up and relaid in front, or 
the reverse, if the movement is backward. 

The mining operations are carried on principally in the dry 
season, when the mine has about 40 inches of water to contend 
with daily, but during the winter fioods this increases to 500 or 
600 inches. At one end of the claim, a pit 30 feet deep is placed, 
containing two centrifugal pumps driven by water-power, under a 
pressure of about 20 lbs. to the square inch; one pump only is 
worked at a time. 

From the bottom of the pit, 33 feet below the surface, a culvert, 
14 by 20 inches, is started on the bed rock, and carried on as the 
work progresses, with a slope of inch in 12 feet up to the face of 
the excavation. The pumps are submerged and placed on the 
rock at the bottom of the pit. Another culvert, of similar section 
at a higher level, carries the sluice water to the pump pit. The 
bed-rock culvert is kept open by a screen over the upper end. 
When water becomes scarce for washing the gravel, a portion of 
that lifted from the mine is conveyed back in pipes to the sluices. 
The culverts have branches at right-angles running to the face, 
or every direction where work is going on. In the autumn a 
penstock is built at the head of each of the different culverts, and 
in the spring the latter are further extended as the work progresses. 
The overburden is piled to a height of 45 feet above ground, and 
the workable gravel is washed in sluices in the ordinary way. 
These are laid at a slope of 7 inches in 12 feet, with laths 3 by 2 
inches on the bottom laid flat through their entire length. From 
1 oz. to 2 oz. of mercury is sprinkled over the surface of the 
sluice at intervals of two to four hours. The total annual loss of 
mercury does not exceed 25 lbs., most of it being due to retorting 
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in the open air. The gold is what is termed fine gold ; it occurs in 
flattened grains, sometimes attached to small particles of quartz, 
and varies from 852 to 872 in gold fineness. The size of the 
excavation made in two months’ work was 800 feet in length, with 
an average breadth of 60 feet, and a depth of 30 feet. From 
twenty-five to thirty white miners and fifty Chinese miners are 
employed working day and night ; the value of the gold produced 
varies from 6,000 to 12,000 dollars per month. The mine has been 
worked by the present method for about four years. The two 
derricks in use cost about £2,000 each, but they can now be built 
for a much smaller sum. They consume about tons of coal each 
per day, 

H. B. 


Method of Treating Gold Ore at Deloro, Canada. 

By J. E. Eothwell. 

(Report of the State Mineralogist, California, 1888. Sacramento, 1839. P. 842.') 

At Deloro, the ore treated is an arsenical iron sulphide in a 
gangue of quartz and calcido. It contains about 42 per cent, of 
arsenic, 20 per cent, of sulphur, and 38 per cent, of iron. On 
arriving at tlie mill, the ore is crushed in rock breakers and 
Cornish rolls ; it is then sized and concentrated in jigging machines. 
The concentrates are roasted in two large Howell-White revolving 
cylinders. In the first, a preliminary roasting is carried on, and in 
the second tlie ore is roasted sweet. The ore 'falls from the lower 
end of the second cylinder, and, when cool, is sent to the chlorinators. 
These are cylinders of ;J-inch boiler-iron, lined with 20-lb. sheet- 
lead. The truck from the cooling-floor is raised to a platform over 
the chlorinators, and the charge of chloride of lime is placed on the 
top of the ore. Water is measured into the cylinder first, the 
proportion being 120 gallons to the ton of ore, and then the con- 
tents of the truck are let in ; sulphuric acid is then poured in 
through a funnel, the cover fastened on, and the cylinder started 
revolving. After from one and a-half hour to three hours the excess 
of gas is drawn oft', and an exhaust-pump attached to produce a 
partial vacuum. In this way most of the free gas is removed. The 
cover of the discharge-aperture is rapidly removed, and the charge 
emptied on to a sand-filter in a tank with a tight-fitting cover and 
exhaust-pipe. A better method is to wash the charge in the 
chlorinator until the liquor decanted into settling-tanks shows no 
sign of gold. A charge of 3 tons may in this way be washed in 
two to three hours, while a 1-ton charge on a sand-filter requires 
six to eight hours. From the settling-tanks and filters, the clear 
solution is run into precipitating tanks, where it is treated with 
sulphuretted hydrogen, generated from equal parts of paraffin and 

The original is in the Library of the Institution. 
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mlphur ia a small cylinder of heavy boiler-iron* The gas first 
passes into a receiving-tank to collect the volatile oils ; thence it 
is forced through the solution to be precipitated. When the pre- 
cipitation is complete, the tank is allowed to stand for a short 
time, and then the solution is allowed to flow through pressure- 
filters. Three of these small filters will empty a 1,500-gallon 
tank in three to four hours, and leave it ready for another precipi- 
tation ; or the precipitate can be collected in another filter-press, 
pressed into cakes, dried, roasted, and melted with borax. By 
means of this process, 96*16 per cent, of the gold in the ore is 
extracted. 

B. H. B. 


The Smelting of Gold and Silver Ores at Argo^ Colorado, 

By liiciiARD Pearce. 

(Advance proof, Transactions of the American Institute of Mining Engineers, 
Presidential Address, Denver, June 1889.) 

The modification of the Swansea system of smelting gold and 
silver ores used at Black Hawk, Colorado, in 1875, as described 
by Egleston,^ has been so far changed as to be scarcely recog- 
nizable, except as regards the general principles. The following 
is a short sketch, without entering into details, of the system now 
practised at Argo, near Denver, whore the works are situated. 

The materials smelted include gold and silver ores, and 
concentrates both pyritic and siliceous, as well as some containing 
baryta, arsenical copiier ores from Utali, and copper regains 
from Montana, and the lead smelting works of Colorado. About 
200 tons are smelted daily, averaging, silver 40 to 60 oz., gold 
4 to 1 oz., per ton, and 2 to 3 per cent, copper, the latter metal 
being restricted to about 10 j^er cent, of tho ores, while the 
remaining 90 per cent, is non-cupriferous. 

One-half of the ore, or 100 tons per day, is roasted partly in 
calciners and partly in kilns, but the operation is not pushed to an 
extreme, from 5 to 7 per cent, of sulphur remaining. Tho other 
100 tons are treated without roasting. Arsenical ores retain a very 
considerable portion of their arsenic after roasting, and the Author 
gives details of experiments showing that tho removal of arsenic 
cannot be effected when coal is added to assist in its volatilization 
by reducing it to the metallic state, unless the ore be heated to 
the melting-point of arseniate of copper, which is far above the 
temperature necessary for roasting. 

The roasted and siliceous ores are mixed to yield a slag 
containing about 40 per cent, of silica, and a first regains, or ore- 
fumace metal, assaying, copper 40 per cent., silver 400 oz., and 
gold 6 oz., per ton. The reverberatory furnaces, which are larger 


^ Transactions of the American Institute of Mining Engineers, vol. iv., p. 276 
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than ihe ordinary South Wales fusion furnaces, have a thin bed, 
cooled by a flue below, which supplies heated air to the fuel on 
the firebridge. 

The capacity is about 25 tons of ore per day, or a total burden of 
27 tons, the difference being due to the rich slags added from later 
operations. About 13 tons charged yield 1 ton of regulus, which 
always contains some lead, but rarely more than 10 per cent., 
replacing iron. When lead is present in larger quantity, it is apt 
to liquate into more and less fusible portions ; and the former 
finding its way into the hearth, carries down a large proportion 
of gold and silver with it. 

The ore-fumace metal, after roasting, mixed with half its 
weight of unroasted metal and sufficiently rich siliceous silver ores 
to prevent corrosion of the furnace by the iron, is concentrated 
to white metal with 60 per cent, of copper. The furnaces in which 
this operation is performed stand about 3 feet above the level of 
the ore-furnaces, so that the slag from tlio former may, when 
skimmed, flow directly into the latter, where it is cleaned, thereby 
saving the cost of remclting these rich slags. 

The concentrated white metal contains 60 per cent, of copper, 
700 to 800 oz. of silver, and 10 oz. of gold, per ton, 1 ton 
representing 20 to 21 tons of ore. It is crushed to pass through a 
screen of 6 holes to the inch, and roasted for twenty-four hours. 
This expels the bulk of the sulphur, forming oxide of copper, but 
sufficient is retained to produce sulphate of silver in the next 
roasting. After cooling, it is ground under edge-rollers to 60-mesh 
size, and is then ready for line-roasting or conversion of the silver 
into sulphate. 

Fine-roasting }^>roce88 , — This is divisible into several stages, 
which together last about five hours. In the first stage a low 
temperature is maintained for about an hour and a half, copper 
disulphide and dioxide being oxidized with evolution of heat. In 
the second stage, at a slightly increased temperature for an hour 
and a half, the charge increases in volume and becomes porous 
from the formation of cujuic sulphate, which is decomposed, and 
fully changed into cupric oxide in the third period. This lasts 
about an hour, or until the silver is “out,” i.e., fully changed 
into sulphate. If suboxidc of copper is present at this stage, it 
will, when water is added, cause the reduction of metallic silver 
from the sulphate in washing vats, and tlierofore the charge is 
vigorously stirred and turned over during the final or fourth stage 
to completely oxidize any cuprous oxide remaining unchanged. 

The results of the operation are very materially affected by 
arsenic, antimony, and bismuth, which form insoluble silver 
compounds ; and of these bismuth is the most prejudicial, giving 
more trouble than all the other metals together. An insoluble 
sulphate of bismuth and silver is formed, which increases the 
proportion of silver in the residues. Under ordinary conditions of 
working, those residues should contain, after the removal of the 
sulphate of silver, about 40 oz. of silver per ton ; but as they 



Abstracts.] SHELTINa OF GOLD Aim SILVER ORES AT ARGO. 479 


are subjected to further treatment, a few ounces more makes very 
little difference in the final result. 

The lixiviation of the roasted metal is effected with hot water 
in tubs ; the solution of sulphate of silver flows over copper plates 
for the precipitation of the silver, which requires but little 
attention. The liquors entering tank No. 1 charged with silver 
leave No. 2 charged with copper, and without a trace of silver, 
and finally pass over scrap-iron, which precipitates the copper. 

In the precipitated silver some copper is found, partly as metal, 
and partly as suboxide. This is removed by prolonged boiling 
with water containing some sulphuric acid, into which air is 
injected by a steam-jet aspirator. The copper sulphate formed is 
carefully washed out of the silver, which is then dried and melted 
into bars, whoso fineness averages 990. 

The residues from the silver extraction contain about 55 per 
cent, of copper as cupric oxide, 40 oz. of silver, and 10 oz. 
of gold, per ton, as well as associated metals, such as lead and 
bismuth as sulphates, and iron as ferric oxide. They are mixed 
with pyritic ores containing gold, pyrites rich in sulpliur and poor 
in silver, and quartzose gold ores, and are smelted to a 65 per 
cent, copper regulus, or residue metal, containing 10 to 15 oz. 
of gold, and 80 oz. of silver, per ton. Tlie slag, wiiich is of 
about the same composition as that of tlie ore-furnace, is thrown 
away. 

The next process is similar in character to that used in making 
best selected copi^cr. About 12 tons of slabs, the metal from the 
last operation, are placed on the hearth of a large reverberatory 
furnace ; the openings of the furnace are closed, except two large 
air-ports near the bridge, and a gradually-increasing heat is main- 
tained for about seven hours, or until tlie whole mass assumes a semi- 
pasty condition. The j)orts are then closed, and the fire is urged until 
the charge is completely melted. In tlie last stage, reaction takes 
place between sulphide and oxide, and a certain amount of metallic 
copper is liberated, which contains nearly all the gold, as well as 
the other metals, lead, arsenic, antimony, bismuth, &c. The charge 
is tapped into sand moulds, and the first few nearest the tap- 
hole are found to contain of this impure coxiper, commonly 

known as metallic bottoms. The x>roportion of tliese to the whole 
yield of regulus, or pimj^le metal, is about 1 to 1 5. The bottoms 
contain 100 to 200 oz. of gold, and about dOO oz. of silver, but the 
amount varies with the impurities, esj^ecially lead and bismuth. 
The larger the proportion of these metals, the more readily is 
the gold taken up by the copper. The crude bottoms are subject 
to processes of refining and separation, whereby the gold is 
recovered, but the details of those are not made public. 

The pimple metal, if the operation has been properly performed, 
contains only 0*1 to 0*2 oz. of gold per ton, in addition to 
90 oz. of silver, and 77 per cent, of cox)X)er. It is crushed and 
roasted to form sulphate of silver, and treated in every way like 
the original white metal ; but, as it contains no gold, a separate 



480 SMEIillNa OF OOLD AKD BILYFS OBBS A.T ABOO. [Foreiga 

sei’Of famaoes is used. The residues consist almost wholly of 
oxide of copper, with an amount of silver not exceeding 10 oz. 
per ton. It is dried, packed in barrels, and sold to manufacturers 
of sulphate of copper, or it may be reduced to blister copper by 
melting it with small coal slack in a reverberatory furnace, which 
is refined in Massachusetts, and converted into ingot copper for 
sale. H. B. 


The Development and Present Condition of Puddling in 
Gas-Furnaces, By E. Goedicke. 

(Stahl tind Eiscn, 1889, p. 554.) 

The regenerative gas-furnace has of late years been very success- 
fully adapted to puddling in the ironworks of the Austrian Alps. 
After discussing the earlier forms of furnace, including those of 
Siemens, Borbely and Price, the Author proceeds to describe that of 
Springer, which is now largely used. This furnace, introduced in 
1883 at Volklingonon the Saar, is a large Siemens furnace, having 
its regenerators built in two square blocks above the ground-level, 
and two double puddling-furnace beds placed between. These 
beds are about 6 feet 4 inches broad, and 6 feet 2 inches long, and 
are only sei)arated by a narrow throat-flue of the breadth of the iron 
framing of the bed. Each takes a charge of 10^ cwt., and they are 
worked alternately, the flame passing first over the bed in use, 
then over the second, which contains the materials of the next 
charge, and finally through the regenerators on the chimney side. 
When the charge is finished and the balls have been removed for 
shingling, that in the second bed is already melted, so that on the 
reversal of the flame, the boiling period commences at once. In this 
way a very large production is realized ; from 6 • 2 tons to 7 tons of 
best, and as much as 8i tons of common iron, being obtained in 
the turn of twelve hours, the number of heats varying from 13 to 
15 in the former, to 16 to 18 in the latter case. The loss experi- 
enced is 1 • 5 to 2 per cent, on the weight of the charge in the best 
work, but may be as much as 5 per cent, when the furnace is 
driven hard. The consumption of fuel varies with the quality, 
being from 45 to 50 per cent, for the best large coal, 57 to 65 per 
cent, for small slack and 60 to 70 with lignite. In addition to this, 
from 20 to 25 per cent, is required for raising steam, as the stack 
boilers of the old puddling furnaces are of course done away 
with. 

The form of construction described above, with regenerators 
above ground, although advantageous in many ways, and more 
particularly in allowing the regenerators to be easily opened for 
meaning, has the defect of requiring a very long gas-passage 
between the top of the regenerator and the point of combustion, 
and therefore, in the newer furnaces, the regenerators are placed 
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tmdergroTind and at right-angles to the furnace proper, an air-space 
being interposed between the roof and the ground, to prevent exces- 
sive heating by radiation. By this arrangement the length of the 
furnace is reduced from 42 feet to 29 feet. The tops of the air- 
and gas-ports and the beds are covered with strongly curved roofs, 
making capacious combustion chambers. The cast-iron frame- 
plates are protected by layers of magnesite bricks, which are also 
used to bring the bridges to the proper height. These latter 
require renewal after two or three turns. The regenerators require 
cleansing at intervals of twelve to fifteen weeks ; they are filled 
with bricks measuring 12 by 6 by 3 inches (Austrian). One third 
of the filling is in Dinas bricks, a second third in ordinary clay fire- 
bricks, and the last third is common building bricks. When the 
heating is done with large coal, two slack producers, with a total 
grate surface of 2 • 6 square metres, and capable of gasifying 3 tons 
of fuel in twenty-four hours are required ; but with small slack, 
four step-grate producers, 4 square metros of surface are necessary, 
the consumption being increased to 76 cwt. In the former case the 
grates require to be thoroughly cleaned at intervals of eight hours, 
but with the step grates and dirtier fuel, one producer must bo 
cleaned every two hours. This is done during the balling period, 
when the demand for gas is less than at other times, and the 
furnace is at its hottest. When puddling white charcoal iron and 
a proportion of greyer coke-moltcd metal, about fourteen heats of 
10 '4 cwt. are obtained in twelve hours, from 2 to 3 cwt. of 
cinder being required for fettling. The rabbling of the charge 
lasts from twenty to twenty-five minutes, making uj) the balls 
fifteen minutes, and their removal ten minutes, giving a total time 
of about fifty minutes for the heat. At this rate there is time 
for 14 heats with twenty minutes to spare in the turn of twelve 
hours. These figires refer to pig-iron free from phosphorus. At 
the Ilermannshiitte in Bohemia, where the metal contains 1 * 7 per 
cent, of phosphorus, only 10 to 12 heats can bo got in the turn of 
the iron if it is to be properly purified. 

From the rapid nature of the work in these furnaces, it has been 
found better to reduce the turn from twelve to eight hours, so as to 
give the puddler sixteen hours’ rest out of the twenty-four. In this 
way at one work a notable increase in yield and economy of material 
has been obtained, taking the average output of the year 1887. 


Furnace with Slack Producer. 


1 Twelve Hours. 

Eight Hours. 

Yield per turn .... C* 77 tons 

Charge per cent. . . . 102 •21 

Coal per cent 00 -20 

7*21 tons 

101-20 

37-70 


[the INST. c.E. VOL. xcvni.] 2 I 
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Furnace with Large Coal Producer. 


1 Twelve Honrs. 

Eight Honrs. 

Yield per turn .... 
Charge per cent. 

Coal per cent 

7*06 tons 

102*04 

47*00 

7 * 90 tons 

101*20 

42*00 


Another system of furnace described by the Author is that of 
Jullioh, which is used at some works in Bohemia, consuming 
brown coal from Dux. This is essentially a combination of two 
large puddling furnaces placed side by side with a dividing wall 
between them, having a system of regenerators common to both. 
The flame is divided over the two beds which are heated simul- 
taneously, and unites to pass through the regenerators on the 
chimney side. The charge is worked on one bed, while that on 
the other is being melted down, and as soon as the first is finished, 
the workmen go over to the opposite side when the second charge 
is ready for boiling. This furnace combines many of the advan- 
tages of that of Springer, but is rather more extravagant in fuel. 
The average results obtained with 9 cwt. charges were heats 
in 6 ’SI tons in twelve hours, with 103*4 per cent, of pig-iron and 
59 * 2 per cent, of coal. 

The last furnace described is that of Pietzka which has been 
introduced at Witkowitz in Bohemia, and Schweshat in Austria. 
This has two beds like that of Springer, but is not regenerative, 
being heated by a grate fire with forced draught and heated 
air, while the exhaust flame passes round a stack boiler in the 
ordinary way. The bottom plates of the furnace are carried upon 
longitudinal-girders, which are supported by a central ram placed 
below, so that the whole working part of both beds between the 
fire and flue bridges can be lowered clear of the roof, and turned 
half round in the horizontal plane. In this way the first charge 
on the bed at the flue end, which has been melting down during 
the puddling of that at the fire-place end, is brought into the 
working position as soon as the latter is finished. With 10 and 11 
cwt. charges 6*1 tons were obtained per turn at Witkowitz, and 6*4 
tons at Schweehat for 106*6 per cent, of metal and 66*5 per cent, 
of coal at the former, and 105*4 per cent, and 55*8 per cent, at the 
latter place. In August, 1887, the consumption of coal was as low 
as 48*9 per cent., which the Author considers to be the most 
economical results yet attained in a grate-fired puddling furnace, 
as about one-half of that quantity, 27 per cent., was consumed in 
raising steam, leaving only 28*84 per cent, for the work of 
puddling luoper. 
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Basic Steel and the Canalization of the Moselle. By A. Oelwein. 

(Wochenschrift des osterreichischen Insrenieur- und Arehitecten-Vereins, 1889, 

p. 197.) 

In explaining the connection between basic steel and the 
canalization of the Moselle River, the Author points out how 
injuriously affected the iron industries of the Lower Rhine and 
Westphalia have been of late years by these three events : (1) The 
invention of Bessemer which necessitated a thorough change and 
modiff cation in the works ; (2) The annexation of Alsace and 
Lorraine which has brought about severe competition ; and (3) the 
application of the Thomas Gilchrist basic process of manufacture 
which utilizes the ores of iron containing phosphorus. It is stated 
that 60 per cent, of the whole amount of basic steel produced 
between the 1st of November 1887 and the 31st of October 1888, in 
Germany, Austria, England, France, Belgium and other countries, 
was manufactured in Germany alone, and that consequently the 
demand for suitable iron ores containing 2 )hosphorus has largely 
increased. 

The districts of Luxemburg and Lorraine on the Upper Moselle 
contain inexhaustible beds of these ores, and the Minctte beds 
estimated at about 2,400 million tons, are the most celebrated iron- 
stone beds in Mid Europe. The Lower Rhine and Westphalia are 
equally rich in coal, and to connect those two industries by means 
of a practicable water-way in the Moselle for vessels of 500 tons 
burthen, has been a source of strife for years amongst the various 
works in the neighbourhood, each fearing the result of competition : 
namely, on the one hand the iron industries on the Lower Rhine 
and in Westi)halia, and on the other, the owners of mines and 
smelting-works on the rivers Saar, Lahn, Dill and Sieg. It is 
stated that of 6,300,000 tons of ore which were smelted in Prussia, 
3,500,000 tons only were furnished from local sources, the balance 
being imported from abroad, and it is added that when the Lower 
Rhine and Westphalian blast-furnaces were in want of 1,500,000 
tons of iron ore, nearly half that quantity was imported from Spain 
and other countries, though an almost inexhaustible supply of ore 
suitable for the Thomas Gilchrist jjrocess existed on the projected 
water-way of the Moselle ; but to make up the deficiency from this 
source would mean a further production of basic steel, and this 
was viewed with jealousy by opponents, tJiough it would appear 
from statistical returns that the future increase of the German 
export trade materially dex^ends on the increase in the i^roduction 
of this material. 

The canalization of the Moselle would at once induce the Lower 
Rhine and Westphalian ironmasters to smelt the IVIinette ores, 
which would give a further imj>etus to the Thomas Gilchrist pro- 
cess, and herein lies the connection between basic steel and the 
canalization of the Moselle. The upper section of the Moselle from 

2 I 2 
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Diedenhofen to Tronard (57^ miles) was canalized in 1868-72 ; the 
project for the section Metz to Coblenz (188 miles) was prepared 
by the celebrated Engineer Fiedel, and is estimated to cost 
£750,000. 

W. H. E. 


Barrel Chlorination, By A. Thies. 

(Report of the State Mineralogist, California, 1888. Sacramento, 1889. P. 844.) 

The Author describes the method of barrel chlorination as con- 
ducted at the Phoenix mines, North Carolina, and the Haile gold- 
mine, South Carolina. After working for two years with the 
original Mears process, he found that the results were quite as 
good without pressure, as with the highest pressure. He has, there- 
fore, remodelled the chlorinator by closing up the hollow trunnion, 
removing the goose-neck and acid-chamber, and substituting a 
lead valve, connected with the inner lead lining, in such a way 
that the pressure of free chlorine can be ascertained at any moment. 
The capacity of the chlorinator is from 1 to 1 ton of roasted ore. 
For the Phoenix ores, 40 lbs. of chloride of lime, and 60 lbs. of 
commercial sulphuric acid are used per ton of roasted ore. It is 
found best, however, to add half this charge first, to rotate for 
three or four hours, and then to add the other half. The Phoenix 
ore contains a considerable quantity of copper pyrites. At the 
Haile mine, where the ore is a pure iron sulphide, there are used 
but 10 lbs. of chloride of lime to 15 lbs. of acid, and 4 tons of 
roasted ore are treated in two chlorinators during ten hours. With 
the barrel process, 94 per cent, of the assay value of the ore is 
•extracted. The cost of chlorination by this process depends on the 
number of tons treated per day. Two men can easily treat 4 tons 
in ten hours, the cost being as follows : — 


£ g. d. 

40 lbs. chloride of lime 0 4 10 

60 lbs. sulphuric acid 0 4 10 

Two labourers 074 

One chlorinator 0 8 0 

Motive power 020 


Total 17 0 


or 6«. 9d. per ton. Adding to this 5d. for sulphuric acid for making 
ferrous sulphate, and lOd. for repairs and wear, gives the sum of 8«. 
per ton for chlorination, or 18s. 7d, for roasting and chlorinizing 
1 ton of roasted ore, representing 1^ ton of raw iron pyrites. In 
less than seven hours from the time the ore is in the chlorinator, 
the solutions are ready for precipitation and the tailings clean. 
The wear on the inner lead lining of the chlorinators is inap- 
preciable. Indeed, a chlorinator in use at the Phoenix mine for 
five years shows no sign of wear. 


B. H. B. 
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A Oeneral Law of Induction in a Circuit devoid of Resistance. 

By G. Lippman. 

(Oomptes rendus de TAcad^mie des Sciences, Paris, 1889, p. 251.) 

The general equation of a single electric current is — 


If the electromotive force is that due only to electromagnetic 
induction — 


E = N being the total induction through the circuit. 


dc 

Expresi^ing the quantity L ^ also in terms of the induction through 
the circuit — 


rewriting (1) — 


d c d 

^ dl ^ “ TT ’ 


dN 

di dt 


cr = 0, 


taking the case of a circuit devoid of resistance and integrating, 

N -f- = constant. 

In words : In a circuit devoid of resistance the induced current is 
always such that the total induction is a constant. The first 
result of this is that a circuit of no resistance is impermeable to 
induction. 

The Author gives several other important deductions from this 
law, and concludes by calling attention to the experiments by 
Hertz, where the induced electromotive forces are so large com- 
pared with the resistance that the latter approaches the limit of 
an indefinitely small resistance, and which show that under these 
circumstances the space enclosed by the circuit is impermeable to 
the induction. LI. B. A. 


Experiments on the Practical Values of Galvanic Batteries. 

K. SOSNOVSKY. 

(Jurzial Ministerstya Putei Soobstchenia, 1889, p. 119.) 

The Author regrets that there is no system in the present 
methods of testing batteries, and that they are not tested under 
those conditions of work for which they are designed, and he pro- 
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poses a series of experiments by which the true character of any 
l^tteiy would be thoroughly investigated. 

Before submitting a given battery to experiment, all its dimen- 
sions should be accurately determined, namely, those of the internal 
and external cells, the amount of liquids (exciting and depolariz- 
ing), the area of the electrodes (the active surface of the positive 
electrode and the depolarizing surface of the negative electrode), 
the distance between the electrodes and their weight. Having 
determined these quantities, the electrical values of the battery are 
next investigated, and the Author enumerates the following points 
for testing . — 

1. The electromotive force and its variations during the action of 
the battery for a practical length of time. 

2. The internal resistance and its variations during a practical 
length of time. 

3. Its depolarizing capacity. 

4. Its electrical capacity within the limits of a known electro- 
motive force corresponding to the practical use of the battery. 

5. The length of time during which it is capable of working. 

6. Its behaviour when out of circuit. The Author then proceeds 
to describe the various methods of determining these values, giving 
preference to those which are simplest and easiest of arrangement, 
although they may not be as accurate as other more complicated 
means. Experiments illustrating these determinations are described. 

Batteries are divided into two classes, those giving large currents 
and those giving small currents. The first class may be investi- 
gated in relation to a larger or less productiveness, or to a larger 
or less external work. 

The battery is then tested from a technical and economical point 
of view. The technical points to be examined are : — 

1 . Simplicity, convenience, or bulkiness of construction. 

2. If it requires special supervision or works automatically. 

3. Facilities for repairing and manipulation. 

4. If the materials of which it is made are solid or liquid. 

5. If noxious vapours are evolved. 

6. The action of the atmosphere on the exciting and depolarizing 
liquids. 

7. If crystals or precipitates are formed. 

8. In what condition the battery is after action. 

9. The state of the porous cells after action. 

10. The influence of temperature. 

11. If there is any local action or loss when the circuit is broken. 

With a small-current battery it is not important to know the 

cost of work done, as the quantity of ener^ expended is small, and 
consequently the consumption of material is inconsiderable ; there- 
fore with batteries of this class the chief consideration is their 
primary cost. 

With a large-current battery for intermittent work, it is most 
important to know if it keeps on working with broken circuit or 
not. With large-current batteries working unintermittently the 
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calculation of the cost of work done is most important. First, the 
theoretical cost of some unit of work, for example, per HP. per 
hour; and then the practical cost is determined by experiment. 
These data show the productiveness of the material consumed. 

The Author deduces the formula P = 27*44 ~ where 

Jii 

P = the weight of material theoretically consumed per HP. 
per hour ; 

e = chemical equivalent of the material ; 

n = the number of equivalents taking part in the reaction 
of the given battery ; 

E = electromotive force of the given battery in volts for 
calculating the theoretical cost of working a battery 
per HP. per hour. Should there be produced by- 
products capable of utilization, their value must be 
deducted from the total expenses. 

G. K. 


The Brush Electric Compan'i/s New Alternating-Current System, 

(The Electrical Engineer, New York, 1889, p. 338, 5 woodcuts, 1 diagram.) 

The system here described is based on the patents of Charles 
P. Brush and Gustav Pfannkuche, and has many points of interest. 
The particular dynamo illustrated and described has an output of 

60.000 watts, an electromotive force of 2,000 volts, and is run at 

1.000 revolutions per minute. The shaft carries two cast-iron disks, 
each of which supi)orts twelve magnets arranged in a circle with 
alternate poles ; the whole revolving mass weighs 1,700 lbs., and 
also acts as a fly-wheel. The coreless stationary armature is com- 
posed entirely of non-magnetizable material in six sectors, each 
occupying 60^ of the circumference. Each sector is TIT inch thick, 
weighs 20 lbs., and is made of copper ribbon wound over a porcelain 
centre-piece with insulating packing at the sides. All the six 
sectors are coupled in series, and any one can bo taken out by a 
radial slot in the German-silver frame without disturbing the 
rest, or the entire armature may be removed in two pieces by 
sliding out from between the poles of the field-magnets, each half 
weighing only 100 lbs. The fall of potential in the machine from 
no load to full load is less than 10 per cent,, and this result is 
obtained without compound winding or artificial regulation of 
any kind, a result said by the Author to be unapproached by any 
alternator with an iron core in the armature. The twenty-four 
field-magnets are excited by a small direct-current machine, to 
which all regulation is applied by means of a rheostat in the 
shunt-coil of its field-magnets. The larger Brush converter has 
some noticeable features. The core consists of a polygonal ring of 
insulated iron wire of the best quality, so wound as to leave several 
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oonoentric airnspaoes ; upon each side of this polygon is wound first 
a single layer of heavy copper wire for the secondary coil, and 
these are so coupled that the layers on one-half of the core are in 
series, and the two groups in parallel. There are insulating pads 

inch thick between the corners of the core and the secondary 
layer. Over each of the secondary layers are wound a few layers of 
fine copper wire for the primary, also separated by pads at the 
comers and airnspaces. The electromotive force of the primary is 
2,000 volts, and of the secondary either 100 volts or 50 volts. The 
Author claims that 98 per cent, efficiency is exceeded in the larger 
sizes. 

An ammeter, consisting of a compensating expansion device, is 
used, upon the principle of the Bmsh lamp patent, No. 219,209, 
September 1879. E. E. D. 


A 'Rotary Commutator for Induced Currents. By P. le Goaziou. 

(La Lumi^re ^lectrique, vol. xxxiii, 1889, p. 330, 4 iigs.) 

The object of this commutator is to obtain a direct high-tension 
current from the secondary coil of a Khumkorff coil, or other trans- 
former, by passing a low-tension direct current from a primary 
or secondary battery or dynamo through the primary coil, the 
commutator itself making and breaking the circuits at regular 
intervals. It is composed of a cylinder of wood, or other non- 
conductor, upon the periphery of which are fixed six metal contact- 
pieces of different lengths ; at six different positions on the 
circumference of this cylinder is placed a pair of brushes, through 
which a circuit is completed when they both touch the same 
contact-piece. As the cylinder rotates, the circuit to the secondary 
coil is first closed, then the primary is closed, so that an inverse 
current is induced in the secondary coil, which is conducted to the 
line-wire ; the secondary circuit is then opened, while the primary 
remains closed, producing no effect in the secondary; after a 
quarter turn, the secondary is again closed, and in the meantime 
the connections to the line-wire have been reversed ; the primary 
is then opened, and the direct current from the secondary flows 
into the line-wire in the same direction as the former current. If 
the currents succeed each other with sufficient rapidity, the effect 
upon a receiver in the line- wire circuit will be the same as with a 
continuous direct current. In order to change the direction of the 
current in the line- wire, it is, of course, only necessary to reverse 
the terminals of the battery or dynamo. As the inverse current in 
the secondary is feebler than the direct, the Author makes use 
sometimes of a simpler arrangement to collect merely the latter 
with only two pairs of brushes, and states that this system is now 
tmder examination by the French Post and Telegraph Department* 

F. E. D. 
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Economical Size of Line- Wire for Constant-Current Circuits. 

By — Erodes. 

(Advance proof. Transactions of the National Electric Light Association Convention, 

U.S., Ang. 1889.) 

The Author submitted the following formula as that which he 
himself used : — 

Let X = diameter of line-wire in mils, A = length of circuit in 
miles, B = price of copper per lb., C = cost of power per year per 
HP., E = amperes of current. 

When any plant is about to be established B and E are known, 
C can be determined near enough for the purpose, and A will be 
found to be immaterial. 

lbs. of wire per mile, 
cost per mile of wire, 
interest and depreciation at 10 jier cent, 
annual cost of wire. (1) 

ohms per mile, 
watts per mile. 

HP. lost in transmission per mile, 
cost of same. 

annual cost of power lost in entire circuit. (2) 


0*016fl;2 

0-016 Ba;^ 

0-0016 Ba;2 = 

0-0016 ABa;^ = 
54,577 _ 

X 

54,577 E^ _ 
x^ 

54,577 W _ 
746 a?2 

54,577 C:^ _ 
746 a:2 

54,577 A C E* 
746 x^ 


With any increase of wire the value of (1) will increase while 
(2) will diminish, and the economical value of x will be such that 
the sum of (1^ and (2) will be a minimum. 

Let u = this sum — 


u = 0-0016 ABa;2 


54,577 A CE2 
746 a;*-^ ‘ 


Differentiating 


^ = 0-0032 
ax 


109,154 E^C 
746 sc^ * 


Placing this equal to zero and reducing, there results 
. 45,700 E-'C 


This formula shows that the diameter of wire depends on the 
price of copper, cost of power, and quantity of current, and is 
entirely independent of the length of the circuit and the voltage. 
The differential coefficient shows that the formula is in harmony 
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with Sir William Thomson’s rale, that “ the additional running 
expense due to the resistance of the conductor shall equal the 
interest on its first cost.” The Author draws attention to the fact 
that price of copper refers to bare wire, and then gives examples 
of the use of the formula. 

E. E. D. 


Measurements of the Insulation of Porcelain Insulators. 

By SCHOMBURG. 

(Ccntralblatt fur Electrotechnik, 1889, p. 543.) 

The following measurements give the insulation resistance in 
various states of the weather and temperature of a double bell 
insulator, measured with an electromotive force of about 100 volts 
in Berlin, at a height of 7 feet from the roof ; — 


Date. 

Hour. 

Temperature 

Fahrenheit. 

Insulation 

Resistance. 

Remarks. 




Megohms. 


March 20 • 

5.30 A.M. 

75 

630 

r Before BunBet dull ; during 
\ the night cloudy. 

„ 20 . 

12.0 

75 

58,432 

Sunshine. 

» 27 . 

GO A.M. 

77 ' 

1 

2,016 

rBcfore sunset dull; cloudy 
\ during night. 

May 9 . 

5.45 „ 

81 1 

1,021 

A little dew. 

„ 12 . 

5.30 „ 

82 i 

180 

Bather heavy dew. 

„ 13 • 

2 0 P.M. 

88 

1,051 

Pouring rain. 

1 


LI. B. A. 


The Suppression in a Special Instance of the Difficulties from 
Induction and LeaJcage between Neighbouring Telephone Wires. 

By E. Massin. 

(Annales tiSlegraphiques, 1889, p. 49.) 

In the valley of the Suippe there are seven subscribers at Port- 
faverger and five at Warmeriville, and from the nature of their 
business, all being competitors, it is important that those sub- 
soribers, whose lines run parallel, should not be able to overhear 
messages relating to one another’s business. The subscribers all 
oommunicate in the first instance with the town of Eeims, and not 
among one another, and this has been taken advantage of, to get 
over the difficulty by cutting off the connection of all subscribers 
but the one having use of the line to Eeims. A polarized relay is 
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established at each subsoriber^s instrument, operated by positive 
and negative currents from the exchange. 

The positive current is used to call subscribers, or to maintain 
the circuit of any subscriber closed ; on sending a negative current 
the subscriber’s instrument is cut off. The operation then is for 
the central station to call up a subscriber by a positive current, 
then send a negative current on all those lines it is desired to out 
off, and the connection is severed at the subscriber’s instrument. 
This arrangement has proved very satisfactory to the users. 

LI. B. A. 


An JExperimental Theory of Lead Accumulators, 

By Gaston Eoux. 

(L’Electricien, 1889, j). 411.) 

The Author has endeavoured to determine the true reactions on 
the positive and negative plates of a lead accumulator, by ascer- 
taining the amount of sulphuric acid absorbed by the plates 
during discharge, and deducing therefrom the chemical operation 
involved. 

The experiments were made on cells of the Julien type in the 
following manner: — The negative plate was placed in a porous 
cell filled with acid of known strength, the positive plate being 
outside the porous cell also in acid of known strength. The plates 
were slowly charged till gas was just disengaged ; the acid was 
now changed, and fresh acid introduced for the discharge, which 
was continued till the electromotive force began to fall. The 
ampere-hours were obtained from the integral curve of current 
and time. The amount of acid absorbed was then found from the 
known original volumes and strengths by triturating the resulting 
liquid with a solution of caustic potash of known strength. The 
results of a large number of experiments give the following as the 
weight of normal sulphuric acid absorbed per ampere-hour : — 

Negative plate. Positive plate. Both plates. 

1*410 gram. 2 ■ 293 grams. 3 • 705 grams. 

The following equation satisfies these results — 

Before discharge 4 (PbOg) + 5 (SO 4 H 2 ) + 3 (SO 4 H 2 ) 4 Pb = 

After „ Pb 4 ( 804)5 + Pb 4 ( 804)3 + 8 H 2 O. 

The experiments therefore point to a sulphating of both plates 
during the discharge, with a production of water. 

The experiments were conducted during the discharge only, 
because the acid liberated during the charge, in the substance of 
the plates, takes a long time to disseminate itself in the liquid. 
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whilst the acid is absorbed from the liqiiid very readily during 
the charge. 

LI. B. A. 


[Note by Abstbactob. — Compare these results with those in a recent Paper to 
the Boyal Society, June 20, 1889, by Dr. E. Frankland, “ On the Chemistry of 
Storage Batteries.*’] 


The Consumption of Energy in Electro-Metallurgical Processes^ 

By H. PONTHIBRE. 

(La Lumi^re ^lectrique, vol. xzxiii. 1889, p. 251.) 

The Author here draws a comparison between the energy 
consumed in the following modes of treatment. ( 1 ) Electrolysis 
with a soluble anode, represented by the Marchese process at 
Casarza, near Genoa, and at Pont-Saint-Martin in the Aosta 
valley. (2) Electrolysis with an insoluble anode. (3) Thermo- 
eleotrolysis, represented by the extraction of aluminium from the 
molten fluoride by the Kleiner process at Tyldesley, Lancashire, 
the Bernard and Minet process at Creil, near Paris, and the 
extraction of magnesium from its chloride, at Humelingen, near 
Bremen, by the Graetzel process. (4) Electro-thermal treatment, 
represented by the manufacture of cupro- and ferro-aluminium by 
the Cowles electric furnace, at Lockport, U.S.A., and at Milton, 
near Stoke-on-Trent, and also by the Heroult electric crucible at 
Neuhausen, Switzerland. The Author treats the question under 
three heads : (a) Energy consumed, or chemical yield ; (b) yield of 
the ore ; (c) purity of the metal produced. 

(a) In process (ly 2 tons of copper were produced in twenty- 
four hours from anodes of copper matte, with a composition, in 
round numbers, of 65 per cent, copper, 38 per cent, iron, and 
27 per cent, sulphur. The work produced by the dynamo was 
1,963,600 watt-seconds = 1,860 units ^ of heat per lb. of copper, 
which, admitting 80 per cent, electrical efficiency for the dynamo, 
is equal to 2,330 units actually used. Breaking and screening the 
ore, and production of steam for lixiviation, use 0 • 32 lb. of coal 
per lb. of copper, or 0 • 32 x 11,120 = 3,560 units of heat, so that the 
total consumption is 2,330 + 3,560 == 5,890 units of heat per lb. of 
copper. ^ Considering that the matte is composed in about equal 
proportions of Cu^S and CuS, which are to be reduced, about 
280 units of heat are theoretically required per lb. of copper, the 
CuSo 4 in solution is partly electrolysed; also a good deal of 
^ 63 ( 804 )® is changed to reS 04 , so that only about 70 per cent, of 
the ciment is of actual use in precipitating the copper. The 
result is that about 450 units of heat may be reckoned as the 


* The unit of heat here used is the pound-degree Fahrenheit. 
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energy theoretically required per lb. of copper, so that the bath 
^ 860 

alone uses = about four times tbe theoretical energy, and the 


total consumption 


5,890 

450 


= thirteen times the theoretical energy 


required. Allowing that the ordinary treatment of sulphides with 
30 per cent, of copper by heat alone requires at least 3 lbs. of coal, 
or 32,400 units of heat per lb. of copper, the energy used is about 

= seventy times the theoretical energy required. 


(2) It can easily be shown that the treatment of sulphates of 
copper by this process requires at least double the energy used for 
the ores by process (1). 

(3) On the Kleiner process, 0 • 0067 lb. of aluminium is produced 
per electrical HP. per hour, or 381,060 units of heat per lb. of 
aluminium ; the Minet process gives 0 • 0447 lb. of aluminium per 
electrical HP., or 54,450 units of heat used per lb. of metal, the 
large difference being due to the fact that in the Kleiner process 
the same material is treated several times. The theoretical energy 
cannot be exactly stated, but the Minet process is about as efficient 
as the Cowles, while the Kleiner is about six to seven times less 


efficient. 

(4) The Cowles furnace at Lockport produced 0*03 lb. of 
aluminium per electrical HP.-hour, and used 4 lbs. of charcoal 
and carbon electrode per lb. of aluminium produced. The first is 
equivalent to 87,950 units of heat, and the 4 lbs. of carbon, burnt 
into CO, give 4 x 4,469 =17,850, in all 105,800 heat-units per lb. of 
aluminium. At Milton the result was 63,420 heat-units per lb. At 
Neuhausen, by the Heroult process, the result was 39,850 units of 
heat per lb. of aluminium. The heat of formation of Al^^Oa is about 


12,850 units per lb. So that at Hockport = 8*2 times the 

jL^yOOKj 

OC 

theoretical energy was used ; at Milton - = 4*9 times ; at 

39 850 12,85U 

Neuhausen ^ = 3*1 times. The Author states that there is 

12,ooU 


no reason why the Cowles continuous furnace should not be as 
efficient as the Heroult process, and then gives particulars of the 
Deville process, which uses about 45 • 6 times the theoretical energy 
required ; and he remarks that the energy used with the Catalan 
furnace in reducing iron ores is about 5*9 times the theoretical 
energy, and that this is about double of that required with the 
blast-furnace. 

(5) Yield of the Ore . — By the Marchese process, about 92 per 
cent, of the metal is obtained ; by the Kleiner, about the same ; in 
the Cowles furnace, and in the Heroult process, about 66 per cent. 

(c) JPurity of the Metal produced, — 99*7 per cent, of pure copper 
is guaranteed by the Marchese process ; the aluminium obtamed 
by Messrs. Bernard and Minet is almost pure ; by the Cowles or 
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the Heroult process the aluminium always contains at least 10 to 16 
per cent, of silicon. 

In conclusion the Author states that from the point of view of 
energy used, the electro-metallurgical processes are superior to the 
ordinary ones, with the exception of process (^2) ,* but for purity of 
the me^l produced process ( 4 ) is much inferior to the other three. 
He therefore classes them as follows in order of merit : Thermo- 
electrolysis, electrolysis with a soluble anode, electro-thermal 
processes, leaving out altogether electrolysis with an insoluble 
anode, as being too wasteful. 

E. E. D. 
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Edwards, W. P., R.N., admitted student, 204. 

Electric accumulators. An exi>erimental theory of lead accumulators, 491. 

current, alternating. The Brush Electric Company’s now alternating- 

current system, 487. 

, constant. Economical size of line- wire for constant-current 
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SImery, C. E., Ph.D., Watt medal and Telford premium awarded to, 215, 224. 

Emmerich, — , experiments with the new quick-acting Westinghouse brake on 
the Baden State Kailway, 459. 

Erichsen, F. O., admitted student, 82. 
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Gas-engines, exjxirimcnts on the si)ced-variations of, 3GG. 
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, North London, forms of balanced slitle- valves used on the, 369. 

, Paris, Lyons and Mediterranean, the new rail of the, 457. 

■ , Pennsylvania, car-truck in use on the, 297, 299. 

— , Pyrenean. Projected international railway through the centre of the 

Pyrenean range, 453. 

— Taff Vale, Mr. Hurry Riches’ bogie on the, 297. 

-, Thy lands, Denmark, form of bogie used in thc,i302. 

Zafra to Huelva, 453. 

rolling stock. See Rolling-stock. 

■ signals. Koyl’s parabolic semaphore, 460. 

sleepers, consumption of, in Prance, 454. 

Ransom, H. B. — ^Miller prize awarded to, 210, 225. — “ The Cyclical Velocity-Varia^ 
tiom of Steam and other Engines ” (S.), 357. 

Rates, local, assessment of the Institution to, referred to in the report of the 
council, 218. 

Rawlinson, Sir R., K.C.B . — Discussion on the Treatment of Steel hy JSydrauUo 
Pressure: His idea, reasoning from the method employed for expelling lair 
from china-clay, that hydraulic i)ressure of the gases in steel would simply 
compress them into smaller volumes, 164. — ^Elected vice president, 206, 249. 

“ Re Umberto,” Italian war-ship, 58. 

Boade, Capt., R.N., lecture on war-ships, 74. 

Beed, Sir E. J., K.C.B., M.P. — Discussion on Armour for Ships: Meaning of 
Sir N. Barnaby’s term, “phases of armour,” 25. — The French ships “Dupuy 
de Lome ” and “ Tage,” 26. — Relative importance of power to inflict damage 
and power to resist it, 28. — Different aspects of the question regarded from 
the point of view of the sailor and of the taxpayer, 28. — Vital importance of 
keeping the invader out of England, 30. — Unsatisfactory nature of the present 
proposals for increasing the Navy, 31. — His preference for numbers if the ships 
to be built were not absolutely invulnerable, 31. — ^Mr. George Bendel and 
the Admiralty, 32. — ^Advisability of competent criticism on the present 
Admiralty designs, 33. — ^Elected member of council, 206, 249. 

Bendel, G W., his connection with the Admiralty referred to, 22, 32. 
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Beport of the council, session 1888- 89, 207. — Constitution of the Institution, 207. 

Composition of the council, 209. — The president, 211. — Roll of the Institution^ 
212. — Admission of students, 213. — Minutes of proceedings, 214. — Ordinary 
meetings, 215. — Students’ meetings and visits to works, 215. — Crampton prize, 
216. — Finance, 217. — Assessment for local rates, 218. — ^Westminster (Parlia- 
ment Street, &c.) Improvement Act, 218. — Mcnai suspension bridge, 219. — 
Pictures, 219. — Abstract of receipts and expenditure from the 1st April, 1888, to 
the 31st March, 1889, 220. — Premiums awarded, session 1888-89, 224. — Subjects 
for papers, session 1889-90, 226. — Original communications received between 
Aprli 1, 1888, and March 31, 1889, 231. — List of donors to the Library and 
to the Library Fund, from April 1, 1888, to March 31, 1889, 235. — List of 
paintings in the possession of the Institution, 228. — List of officers, 1889-90,249. 

Reynolds, E . — DisciLsaion on tlto Treatment of Steel hy Hydraulic Pressure : Process 
of compressing fluid metals obsolete and valueless, 168. — Patent of James 
Hollingrake of 1819, 169. — The only way to obtain good steel is to make it 
properly and leave it alone, 169. — Theory of “ dead-melting,” 170. 

Rhodes, — , economical size of line-wire for constant-current circuits, 489. 

Riches, H., form of bogio adopted by, for the Talf Vale Railway, 297. 

Rigby, A. B., admitted student, 82. 

Riley, J., his Paper on the treatment of steel read before tlie Iron and Steel 
Institute, 150 . — Discussion on the Treatment of Steel hy Hydraulic Pressure: 
The experiments which led him to form the views enunciated in his Paper 
before the Iron and Steel Institute, 151. 

River Avon. “T/ie Improvement of the Piver Avon helow Bristol,** W. Chatham 
(S.), 280. — Condition of the river until 1809, 280. — Floating dock designed by 
William Jessop, 281. — Dock-improvement by I. K. Brunei in 1848, 281. — 
Thomas Howard’s general scheme of improvement of 1864 for the lower river, 
282. — Execution of the modified scheme, 283. — ^Blasting rock, 285. — ^Plant em- 
ployed, 287. — Appendix : Details of cost of work at Round Point, 1883-85, 291. 

, Bilbao, progress of the works of improvement in the, 433. 

Moselle. Basic steel and the canalization of the Moselle, 483. 

Roads, tho peculiarities in the wear of paving-setts, 433. 

Robbins, E . — Discussion on Armour for Ships : New mode of construction sug- 
gested for ships of war, 52. 

Roberts-Austen, W. C . — Discussion on the Treatment of Steel hy Hydraulic 
Pressure : Period at which tho occluded gases are supposed to be eliminated, 
157. — Ambiguity in the ordinary uso by engineers of tho terms “ temper” and 
“ tempering ” as applied to steel, 158. 

Roe, J. P., memoir of, 405. 

Roll of the Institution, referred to in the repoii; of the Council, 212. 

Rolling-stock . — Flexible Wheel-bases of Bailway liolling-stocJc,** J. D. Twin- 
berrow (S.), 292. — ^Flexible wheel-base universally adopted by American 
Engineers, 292.— -General considerations of correct rolling-motion on a curve, 
292. — The Bissell bogie, 296. — Form of truck used on American and Canadian 
railways, 296. — Taff Vale Railway bogie, 297. — Single-axle truck used in Eng- 
land, 297. — Standard engine-truck, Pennsylvania Railroad, 299. — Swing-bar 
bogie on the Great Southern and Western Railway, 300. — Stirling’s bogie 
on the Great Northern express engines, 300. — Adams* bogie on the South- 
Western Railway, 301. — Caledonian Railway bogie, 301. — ^North-Eastern 
Railway bogie, 302. — Thyland’s Railway bogie, 302. — Retention of long, rigid 
wheel-bases by English railway companies, 304. — Dimensions of American 
freight-cars, 306. 
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Itothwell, J. E., method of treating gold-ore at Dcloro, Canada, 476. 

Eonx, G., an experimental theory of lead accumulators, 491. 

Eubbish from old buildings, the utilization of, 421. 

Eunebcrg, K., Watt medal and Telford premium awarded to, 215, 224. 

Eussian wax of 1854-6, armoured ships used in the, 2 et seq. 

Saoheri, G., viaduct over the Adda at Pademo, 424. 

8aor^, C. E., memoir of, 399. 

Schomburg, — , measurements of the insulation of jiorcelain insulators, 490. 

Schwarz, A., the water-supjply of Tokio, 441. — The Kaiping-Tientsin Railway in 
China, 452. 

, — von, magnetic-iron-ore mountains of Xorth Sweden and the Ural, 472. 

Scorgie, N., elected associate member, 204. 

Scott, Rear-Admiral R. A. E. — Correspondence on Armour for Ships : Review of 
Sir N. Barnaby’s proi>osal8 for small ships, 80. — Sir Thomas Hastings* opinion 
against iron for war-ships shared by all those who witnessed the experiments 
of 1850, 80. — Deficiency in the sui)ply of guns for the British Kavy, 81, 

Seebohm, — , experience of, in trying to make gun-barrels of Bc'ssemer steel, 88. 

Segundo, E. C. do, the Miller scholarship awarded to, 216, 225 — Experiments 
on the Strain in the Outer Layers of Cast-Iron and Steel Beams** (S.), 308. 

Selwyn, Admiral J. II. — Discussion on Armour for Ships : Necessity of providing 
strong boilers where continuous high speed was required, 52. — Boilers of the 
“Wanderer** on Perkins’ i>iinciple, 52. — Mr. Longridge’s wire gun, 53. — 
Manufacture and i^erformance of comj>ound armour, 54. 

Semaphore, paiabolie, Koyl’s, 460. 

Shallow-draught steamer. See Steamer. 

Shelford, W., elected member of council, 206, 249. 

Shield, W., elected member, 82. 

Ships of war, 1 et seq. 

, British, proposals for new types of, 11 et seq. — “ On the New 

Programme for Ship-huilding,** W. H. White (S.), 375. — Admiralty scheme for 
seventy vessels to bo completed before the 1st of April 1894, 375. — Second- 
class protected cruisers, 375. — First-class cruisers, 377. — Second-class battle- 
ships, 377. — First-class battle-shiiis, 379. — Comparison between the “Warrior” 
of 1859 and the now first-class battle-ships, 386. 

Siemens, F., his Paper on the occurrence of bubbles in molten glass, 176. 

Silver-ore, the melting of, at Argo, Colorado, 477. 

Simpson, J., memoir of, 400. 

, W., admitted student, 82. 

Slag, utilization of, 421. 

cement, the manufacture of, 419. 

Sleepers, railway, consumption o^ in France, 454. 

Slide-valves. “ Balanced Slide-Valves,** J. C. Park (S.), 369. — Forms of balanced 
slide-valves used from time to time on the North London Railway, 369. — 
Thomas Adams’ valves, 369. — David Park’s valve, 370. — Outridge’s valves, 
370. — Dawe’s valves, 370. — ^Manico’s valves, 370. — ^Valvo used on the Grand 
Trunk Railway of Canada, 371. 

Smith, E. M., elected associate member, 82. 

, H. B., transferred member, 204. 

, J., Wh.Sc., admitted student, 204. 

, E. H., Telford premium awarded to, 215, 224. 

Bosnovsky, IL, cxx>orimonts on the practical values of galvanic batteries, 485. 
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3owerby, W . — DisouBaion on the Treatment of Steel by JSydravUe Pressure : Piping' 
of Bteel ingots, 175. — Improvement of every description of steel by working, 
175. — Probable action of tlie molten steel under the pressnro of 10,000 tons, 
175. — ^Means of getting rid of the air and water contained in china-clay, 176, 

Speed-variations. “ TTie Cyclical Velocity-Variations of Steam- and other Engines^*^ 
H. B. Ransom (S.), 357. 

Spencer, J. W. — Discussion on the Treatment of Steel hy Ilydraulio Pressure : 
Reasons for dissenting from tlio statement that absolutely sound cast ingota 
could not be made, 165. — Table of tests of specimens cut from an ingot not 
subjected to mechanical treatment, 166. 

Squire, W. W., elected member, 82. 

Standard Steel Casting Com])any of Thurlow, U.S., cast-steel guns of the, 195. 

Steam-engine. — “ Experiments on a Steam-Engine^ the Cylinder of which was heated 
externally hy Gas-flames^ B. Donkin, jun. (S.), 250. — Description of the 
engine used, 250 — Summary of cxiKM-iments with and without gas-flame 
jacket, 251. — Summary of experiments with the same engine, but condensing 
with and without gas-flame jacket, 252. 

. — “ Investigation of the Eeat-expend tture in Steam-Engines, especially 

with reference to Methods of Diminishing Cylinder Condensation^ Professor 
V. A. E. Dwe Ishauvers Dory (S.), 254. — ^IVTethod of calculation, 251. — Notation 
employed, 255. — Craphio representation of tbc‘ quanlitics of heat, 255. — ^Draw- 
ing the mean diagram of exchanges, 257. — Diagram of absolute work and of 
absolute loss by the metal, 257. — ^Delinition of the absolute loss of heat due to 
the cylinder-walls, 258. — Distinction between positive and negative quantities 
of heat, 258 — Scales of the diagrams, 259. — Data of iho engine experimented 
on, 260. — Mode of proceeding in studying the trials, 261. — Classification of the 
results, 262. — Action and economy of tho gas-flamo jacket, 265. — Resultant 
action of tho sides, 267, — Means of determining tho exhaust cooling when 
not directly measured, 268 — Variation of tho drynoHS-fi'action during expan- 
sion, 209. — Results shown by tho diagram, 270 — Balance-sheet of tbe engine, 
270. — Supplementary explanation, 271. — Means of increasing tho efficiency, 
272. — Utility of Donkin’s gas-flame jacket, 273 — Utility of surface-heating,. 
274. — Utility of high speed, 274. — Compaiison of tho three mc'thods, 275. 

The Cyclical Velocity-Variations of Steam and other EnginesP 

II. B. Ransom (S ), 357 — Definition of cyclical 'v cdocity- variations, 357. — 
Description of the recording ai)paratus used, 358 — First experiments on the 
steam-engine, University College, London, 360. — Gas-engine trials, 366. 

Steamer, screw-, shallow-draught, 461. 

Steel. “ The Treatment of Steel hy ITydraulio Pressure, and the Plant employed 
for the purpose** W. H. Greenwood, 83. — Patents of »Sir H. Bessemer and Sir 
J, Whitworth for fluid compicssion, 83. — Adoption of tho i)roeess at the Abou- 
choff works, St, Petersburg, 83 — Unsoundness of steel ingots, 84. — Methods* 
emifioyed for improving the soundness of mild steel ingots, 89. — Tho hydraulic 
press, moulds, and plant for tho fluid comi>ros8ion of steel by hydraulic 
pressure, 93. — General arrangement of tho plant at tho Abouchoff works, 103. 
— Conduct of tho process of fluid compression, 105. — Casting of hoops or 
hollow ingots, 109. — Eflcct and advantages of the fluid compression of steel, 
110. — Comparative tests made upon pressed and unpressed cast-ingots, 120.-— 
Conclusion, 131. — Appendixes, I and II. Tests from an unpressed ingot, 133, 
— TTT j rV and V. Summary of results from test-pieces cut parallel to tho length 
of the ingot, 139 — VI. Summary of average results from test-pieces cut in a 
plane at right-angles to the length of the ingot, 140. — ^VII. Mean results 
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obtained from the test-pioces cut longitudinally and at increasing distances 
from the centre, 141. — ^VIII. Mean results obtained from the test-pieces out 
transvexsely and at increasing distances from the centre, 143. — ^Details of the 
conduct of the fluid compression of steel ingots and hooi)s, 144. — Discussion : 
J. D. Ellis, 145 ; W. Parker, 146 ; J. Riley, 151 ; T. B. Vickers, 152 ; W. O. 
Roberts- Austen, 157 ; Colonel H. Dyer, 159 ; B. Walker, 162 ; J. F. Hall, 163 ; ^ 
Sir R. Rawlinson, 164 ; J. H. Davis, 164 ; J. W. Spencer, 165 ; E. Reynolds, 
168 ; T. W. Traill, 171 ; A. McDonnell, 171 ; E. A. Cowper, 172 ; W. Sowerby, 
175 ; J. Head, 176 ; J. Goodman, 177, 180 ; Prof. W. C. Unwin. 179 ; W. 
Anderson, 180 ; Lord Armstrong, 183 ; W. H. Greenwood, 185. — Correspond 
dence: J. O. Arnold, 193; T. Firth, 194; R. A. Hadfield, 195; H. M. Howe, 
196; Admiral Rolokolizoif, 199; B. H. Th^vaite, 199; W. H. Greenwood, 
201 . 

8teel, basic, and the canalization of the Moselle, 483. 

beams. See Beams. 

rails. See Rails. 

Steele, A. C. D , admitted student, 82. 

Stephenson, George, medals, award of, 214, 224. 

Stern, Dr. R., the influence of ventilation on the micro-organisms in suspension 
in the atmosphere, 442. 

Stileman, F. C., remarks of Sir G. B. Bruce, president, as to the death of, 203. — 
Memoir of, 401. 

Stirling’s bogie on the Great Northern Railway, 300. 

Strains in ironwork, an api)aratus for the measurement of, 428. 

Students of the Institution referred to in the report of the council, 213. — 
Students’ meetings and visits to works, 215. — The Miller scholarship and 
Miller prizes awarded to, 225. 

Swiney, J. H. H., B.A., B.E., elected associate member, 204. 

Tage,” French armour-clad, 5 ct seq. 

Taylor, T. G., admitted student, 82. 

, W. J., elected associate member, 82. 

Teasdel, J. E., joint-engineer for underpinning Great Yarmouth Town Hall, 372. 

Telephone wires, neighbouring, the suppression in a si)ecial instance of the 
difficulties from induction and leakage between, 490. 

Telford, Watt, Goorge Stepheubon medals, Telford premiums, and the Miller 
scholarship and Miller prizes, award of, 214, 229. 

Temper and tempering, alleged ambiguity of the terms, as apiflied by steel- 
makers, 158, 172, 190. 

Temperature, the influence of, on the mechanical ino^xirties of metals, 413. 

Testing-machines used in Mr. Segundo’s experiments on beams, 338. 

Tests, tensile, of metals, note on, 412. 

Thies, A., barrel chlorination, 484. 

Thomas, B., admitted student, 82. 

, W., elected associate member, 82. 

Thomson, G. H., elected member, 82. 

Sir W., elected honorary member, 204. 

Thwaite, B. H. — Correspondence on the Treatment of Steel hy Uydravdio Treasure : 
Behaviour of the liquid ingot in the mould, 199. 

Tin-mines. See Mines. 

TdkiO water-supply. See Water-supply. 

Tomkins, W. S., elected member, 82, 
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ToBohard, Admiral, French Navy, reasons of, for advocating a reduction in 
armotlx for sliipB, 6, 76. 

Tovey, Ool. H., E.E., memoir of, 408. 

Town Hall. “ UnderpinniTig Great Yarmouth Town Hall;* F. E. Duokham (S.'i 
37^ 

Traill, J. C., B.A., admitted student, 204. 

* T. "W., tests of steel made for, 166. — Discussion on the Treatment of Sled 
hy Hydraulic Pressure : The adoption or non-adoption of fluid compression a 
commercial question, 171. — Invariable excellence of the specimens of fluid- 
pressed steel tested by him, 171. 

Tramways of Madrid, the, 461. 

Twinberrow, J. D., Miller jn^ize awarded to, 216, 235. — Flexible Wheel-hasee 
of Hailway BoUingstock** (S.), 292. 

" Underpinning Cheat Yarmouth Town HaVf* F. E. Duckham (S.), 372. 

Unwin, Professor W. O. — Discussion on the Treatment of Steel hy Hydraulic 
Pressure : Desirability of determining exactly the condition under which tests 
of materials should be conducted, 179. — Mr. Goodman’s autographic diagram 
of steel tested hot, 180. — Difficulty of maintaining a uniform temperature of 
the air-bath, 180. 

Ventilation, the influence of, on the micro-organisms in suspension in the 
atmosphere, 442. 

- of mines, experiments on the removal of mine-gas by exhaustion, 

464. 

Vemon-Harcourt, D. F., Telford premium awarded to, 215, 225. 

Viaduct over the Adda at Paderno, 424. 

, Cervena, the, over the Moldau, 426. 

Vickers, T. E., steel armour-idatcs manufactured by, 50 et seq. — Discussion on 
Armour for Ships : Material of which armour-plates should bo made, 61. — 
Performance of two steel plates recently tested by the Admiralty, 61. — Discus-^ 
sion on the Treatment of Steel hy Hydraulic Pressure : His reasons for dissenting 
from the statements put forward as to the benefits of the Whitworth com- 
pression process, 152. — Specimen ingots cast to prove the non-existence of a 
zone of unsoundness in proper material, 153 — Early solidification of the outer 
surface of the molten ingot acting to prevent the expulsion of occluded gases, 
155. — ^Alleged acicular structure of steel ingots cooled without pressure, 155. 
— Discussion of Mr. Greenwood’s test of a compressed ingot, 156. 

Walker, B. — Discussion on the Treatment of Steel hy Hydraulic Pressure : The 
alleged unsoundness of ordinary steel ingots greatly exaggerated, 162. — 
Various methods of treating steel ingots so as to get the bad material into the 
head, 163. — ^Ambiguity in rating the power of hydraulic forgring-presses, 163. 

, G. B., elected associate member, 82. 

“ Wanderer,” s.s., boilers of the, on Perkins’s high-pressure system, 52. 

Ward, E. T., elected associate member, 82. 

“ Warrior,” H.M.S., construction of, 65 et seq. 

War-ships. “ Armour far Ships” Sir N. Barnaby, 1. — “ On the New Programme 
for Shipdmilding” W. H. White (S.), 375. 

Wiiste products, the utilization of, 421. 

Water and its cost, 439. 

^ micro-organisms present in, the physical action of precipitants on the. 
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Water-gapply of T6ki6, 441. 

of Wiencr-Neostadt, 440. 

, an exposition of the mode in which water is affected by a body moving^ 

in it, 403. 

Watt medals, award of, 214, 224. 

Wand, E. V., admitted student, 204. 

Wave-power pump, 434. 

Webb, P. W., his centrifugal process for casting steel, 91. — His opinion that to 
obtain a sound plate it should be worked from an ingot quite twenty times its* 
thickness, 147. — ^Elected member of council, 20G, 249. — ^Form of radial axle- 
box adopted by, 299. 

Westinghouse brake. See Brake. 

Westminster (Parliament Street, &c.) Improvement Act referred to in the report 
of the council, 218. 

Wheels, flangeless, the use of, in the middle of six-whool trucks, 458. 

White, R., appointed one of the auditors of accounts for 1890, 206. 

■ , W, H . — DiacuBBion on Armour for Ships : Sir H. Bamaby’s historical 

phases of armour, 40. — Froiich war-ship “ Brennus,” 40. — Necessity of regard- 
ing the distinction between small battle-ships and large cruisers, 41. — ^Admi- 
mlty programme of 1889 for new ships for the British Navy, 41. — The new 
cruisers “ Blake ” and “ Blenheim,” 46. — Manufacture of armour, 47. — ^Fine 
quality of the plates recently made at Sheffield, 47. — Conditions of tlie recent 
Admiralty test of special armour-plates, 51. — “ Oii the New Programme for 
Ship-huUdingP (S.), 375. 

Whitworth, Sir J., his process for the fluid compression of steel, 83 et aeq. — 
His Paper read before tlie Institution of Mechanical Engineers in July 1875, 
169. 

and Co., designs of now war-bhijis for the British Navy pro- 
posed by, 14 et seq. 

■Wiener-Ncustadt watcr-supidy. Sc*o Water-sui)i)ly. 

Willans, P. W., steam-engine experiments of, 251 U seq. 

Williams, E., elected associate member, 82. 

, H. M., elected associate member, 82. 

Willis, W., elected associate member, 82. 

Wilson, A., his mode of manufacturing comj^ound-armour ns carried out by 
Messrs. Cammell and Co , Sheffield, 15. 

Wood, A. P., elected associate member, 204. 

Woodite as a material for protecting ships of war, 13, 33 ct srq. 

Woodsido, J., elected associate member, 204. 

Woodward, H. R. K., admitted student, 204. 

Worsdell, T. W., form of radial axle-box adopted on the Noith-Eastem Railway, 
297. 

Worthington, E., Telford medal and premium awarded to, 215, 224. 

Yarmouth town hall. See Town Hall. 

Young, R. G., elected associate member, 204. 
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